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Subject: Letter of Recommendation for Ms. Aisha Tastanova

Dear Sir or Madam:

I am writing this letter as the international academic advisor for the doctoral
dissertation of Ms. Aisha Tastanova, who has submitted her research on the topic
“Development of a Technology for Processing Tailings from Chromite and
Manganese Ore Beneficiation into Pellets for Ferroalloy Production.” The
dissertation was submitted in pursuit of a Doctor of Philosophy (PhD) degree in the
specialty “8D07204 — Metallurgical Engineering.”

Brief Introduction:

Aisha Tastanova’s research is devoted to the significant issue of processing
industrial waste generated during the beneficiation of chromite and manganese ores.
This topic is highly relevant due to the growing demand for chromite and manganese
ferroalloys used in the production of high-alloy steels. These ferroalloys are mainly
utilized in the production of corrosion-resistant, heat-resistant, tool, and other
specialized steels. The consistently increasing demand in mechanical engineering,
shipbuilding, rocketry, aviation engine manufacturing, and railway rail production
is stimulating the development of raw material resources in the ferroalloy industry.
However, solid minerals are non-renewable resources, and therefore, the
involvement of industrial waste in the production of standard-grade ferroalloys is a
highly pertinent challenge.

It is well known that fine-grained mineral sludges are difficult to process and require
a special approach to selecting appropriate processing techniques. The method
employed by Aisha Tastanova gravity concentration of fine-grained chromite and
manganese sludges with preliminary classification into narrow size fractions has
proven effective. As a result of her research, she succeeded in obtaining standard-
grade chromite and manganese concentrates with increased recovery of target
components.
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However, the development of a technology for producing fine-grained chromite and
manganese concentrates does not fully resolve the issue of their subsequent
processing into ferroalloys. The problem lies in the fact that when fine-grained
concentrate is charged into electric arc furnaces, it tends to disperse as dust,
significantly worsening the environmental performance of metallurgical production.

In her further research, Aisha Tastanova developed an original technology for
producing composite fired chromite and manganese pellets with sufficient strength
for further metallurgical processing. For the synthesis of durable pellets, she
proposed a new universal natural fluxing component ferrous diatomite reserve of
which are found in large quantities near the Aktobe Ferroalloy Plant. The research
showed that during thermal treatment of both chromite and manganese green pellets,
the charge components form the mineral hedenbergite, which melts at 1170-1180°C
into a ferro-calcium silicate glass, significantly increasing the strength of the pellets.

Aisha Tastanova also conducted thermodynamic calculations and determined the
most probable interactions of components in the fired chromite and manganese
pellets at melting temperatures. Based on these calculations, it was shown that
producing low-carbon ferrochrome is unlikely due to the higher probability of
forming various carbides of chromium and iron. The charge composition for melting
the fired chromite and manganese pellets is close to the composition of raw materials
used in operating ferroalloy plants, as confirmed by the analysis of the obtained
standard ferroalloy grades.

All the research tasks from the study of the physicochemical properties of reference
samples of fine-grained chromite and manganese tailings, to the development of
beneficiation technologies yielding standard concentrates, the synthesis of
composite fired pellets, and their smelting into standard grades of high-carbon
ferrochrome, ferrosilicomanganese, and high-carbon ferromanganese confirm the
validity of the chosen research methodology and its results.

In my opinion, the main findings of Aisha Tastanova’s research are consistent with
the stated objectives and will contribute to further advancements in applied science
in the field of ferroalloys.

In conclusion, 1 would like to note that through her dissertation work, Aisha
Tastanova has proven herself to be a competent and fully-fledged researcher, as

evidenced by her publications in open-access international journals indexed in the
Scopus database.
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As the international advisor, I confirm the high scientific level of the dissertation
titled “Development of a Technology for Processing Tailings from Chromite and
Manganese Ore Beneficiation into Pellets for Ferroalloy Production,” and I support

awarding her the degree of Doctor of Philosophy (PhD) in the specialty 8D07204 —
Metallurgical Engineering.

Sincerely,

Brajendra Mishra
Scientific Advisor
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WPI (Bycrepckuii monntexHuYecKuit HHCTUTYT)

Bpanxenapa Muipa

Iouetssii npoeccop nmenu Kennera I'. Meppuama
Hupextop MHCTUTYTa MHXEHEPHH MATEPHATIOB U
npouseoacTea U MHCTHUTyTa nepepaboTku MeTanoB
Hupektop LlenTpa no BoccTaHoBiIEHHIO M NepepaboTke
pecypcoe (NSF/IUCRC)

(Haunonanbuerii Hayunsiit gonp CLLIA / KoonepaTHeHsiii
MCCIIEA0BATENBCKUI LEHTD « Y HUBepcHTET-HHIy cTpUs»)
100 HucturyT-poyn, r. Bycrep, Maccauycerc, 01609,
CLIA

17 urons 2025r.
Tema: PekoMeHnaTensHOe MUCHEMO IS TOCIIONH A TacTaHOBOIM

VYBakaeMble JaMbl ¥ rocrnogal

A muiury naHHOE MMCBMO B KayecTBE MEXIYHAPOJHOIO HAayYHOIO KOHCYJIbTaHTa
MO JIOKTOPCKOM IHMCCEPTalMOHHON paboTe rocmoxu AMmm TacTaHOBOM, KOTOPYIO
MpEICTaBUIa CBOIO paboTy Ha TeMy «Pa3paGoTka TEXHOJIOrMH HepepaboTKH XBOCTOB
oOOraiieH1s XPOMHTOBBIX M MapraHLEBBIX Dyl C MOJIyYeHHeM OKATHINIEH Ui
Npou3BoACTBa (eppocmnaBoBy. Jluccepranys IOJaHA Ha CTENeHb JloxTopa
¢unocodun (PhD) mo cnenmansrOCcTH «8D07204 — Meramnyprudeckas HHXEHEPHS .

Kpartkoe Beenenne: McciemoBanue Aiimum TacHAaHOBOM MOCBSINEHO BaKHOM
npobiieMe MepepaboTKH TEXHOTCHHBIX OTXO[OB, MOMy4aeMBIX IPH OGOTALIEHUM
XPOMHTOBBIX M MapraHUeBBIX pyl. JTa TeMa BeCbMa aKTyalbHa, MOCKOJBKY I
NPOU3BOCTBA BBICOKOJIETUPOBAHHBIX CTalled IOBBIIIAETCS CIPOC Ha XPOMUTOBEIE U
MapraHieBblie heppociiiaBbl. XpOMUTOBBIE U MapraHIleBEIe (heppOCILIaBbl B OCHOBHOM
MOTPEONAOTCA  ANA  TIPOM3BOACTBA  KOPPO3MOHHOCTOMKHX, XKapOIMpPOYHBIX,
HHCTPYMEHTAJIbHBIX M JPYTMX 3KCKIIO3UBHBIX BHIOB CHELUAIBHBIX CTaJle.
HeyknoHHBIA  pacTymuii cOpoc B MAIIMHOCTPOEHMH,  KOpabGlieCTpOeHHe,
PaKeTOCTPOCHMH,  aBHALIMOHHBIX  IBHraTejed, IKEIEe3HONOPOXHBIX  PENILCOB
CTUMYJIUPYET pa3BUTUE ChIpbeBOM 6a3kl peppocmiaBHOl oTpaciau. OIHAKO, TBEp/bIE
TMIOJIE3HBIE MCKOIIAEMbI€ OTHOCSATCS K HE BO30OHOBIAEMBIM CBIPHEBBEIM peCcypcaMm H
TII03TOMY BOBJIEYEHHE TEXHOTEHHBIX OTXOIOB JIA IIPOM3BOACTBA KOHAMIIMOHHBIX
(beppocaBoB sABISIETCS BECbMa aKTyalIbHOH 3aiaueil.

M3BECTHO, YTO MENIKOAUCIIEPCHBIE MIJIaMbl IIOJE3HBIX HCKOIAEMBIX SIBJISIOTCS
TPYAHOOOOTaTUMBIMH TIPOAYKTaMH M TpebGyloT 0cobblii Momxon K  BBIGOpPY
TEXHOJIOTHYECKUX NIPUEMOB UX NepepaboTke. DD HEKTUBHBIM SIBISAETCSA UCIIOIB3YEMBIH
Anmoi TacraHoBoM IpueM, 3aKIIOYAIONIMKMCA B T'PAaBUTALMOHHOM OOOTalIeHHH
MEIKOAMCIIEPCHBIX XPOMHUTOBBIX M MapraHUEBBIX LUIAMOB C TMpeIBapUTEIbHBIM
pa3slieIeHMEM Ha y3KMe KIacChl KpPYyIHOCTH. B pesynbrate mnpoBeneHHBIX



WCCIIENOBAaHUM [IOKTOpPAHTY YAAIOCh IOMYYHATh KOHIOWUIIMOHHBIE XPOMHUTOBBIE U
MapraHIileBbl€ KOHLIEHTPATHI C ITOBBIIIEHUEM U3BJIEYEHUS LIEIEBBIX KOMIIOHEHTOB.

Onnaxko, pa3zpaboTka TEXHOJIOTHH IOTyYE€HHU S MEJTKOAUCIIEPCHBIX KOHAUIIMOHHBIX
XPOMHMTOBBIX U MapraHLEBbIX KOHLIEHTPAaTOB HE B MOJHOM Me€pe peliaeT BONpOC UX
JanbHeHIed nepepaboTku Ha COOTBeTCTByIomMe (eppocraBel. [Ipobiema
3aKJIFOYAETCAd B TOM, YTO IpPU 3arpy3Ke 3JIEKTPOIYTrOBBIX NE€YEH MENIKOAUCIEPCHBIM
KOHLEHTpaToM (GaKTUYeCKd BeCh STOT MaTepHasl YJIETUT B IbUIb M 3HAYUTEIBHO
YXYALIUT 3KOJIOTHYECKUE ITapaMeTPbl METAJULY prU4e€CKOro IIPOU3BOICTBA.

B cBomx [panpHeWmux wuccienoBaHusx Ailima TacraHoBa paspaboTtana
ODHTHMHAIBHYI0  TEXHOJOTHMIO  IONY4YeHHs  KOMITO3UIMOHHBIX  O0O0XIKEHHBIX
XPOMMTOBBIX U MapraHLEBbIX OKaThIMIEH, O0NaJaromMX JOCTAaTOYHOH IPOYHOCTHIO
Ul WX JalbHEeHIned Meramryprudeckod nepepabotku. [l CHHTE3a NPOYHBIX
OKaTelllel OBLI MpeasioKeH HOBBIM YHHUBEpPCAIbHBIA (IIIOCYIOMIMHA MPUPOIHBIH
KOMITOHEHT )K€JI€3UCThIH IMaTOMMUT, 3alachl KOTOPHIX B OTPOMHBIX OOBeMax HaXOIATCS
HenojaneKky oT AKTIOOMHCKOro 3aBoja (eppocrmiaBoB. Kak mokasanu pe3ylsibTaTel
IIPOBEIEHHBIX MCCJIENOBaHUM, KaK B XPOMHMTOBBIX TaK M B MapraHlEBBIX CBIPBIX
OKaThlllaX MpH TepMUYEeCKoW o0OpaboTKe H3 KOMIIOHEHTOB IIHMXTHI 0OOpa3yeTcs
MHUHEpaJl TUIEHOEpPruT, KOTOPBIA C IOBBIIEHHWEM TEMIIEpaTypbl OIUIABIAETCA C
obpaszoBanreM (heppoKaIbLMEBOCUIMKATHOrO crekna npu 1170-1180 °C, wuro
3HAYUTEJIBLHO ITOBBIIIAET UX IPOYHOCTD.

Anmoit TacTaHOBOW BBINIOJIHEHBI TEPMOAUHAMUYECKHUE PACYETHI U ONPENETICHBI
Haubojee BEpOSTHHIE B3aUMOAEHCTBHS KOMIIOHEHTOB, 000MCKEHHBIX XPOMHUTOBBIX H
MapraHieBbIX OKaThillle B objacTd Temmeparyp HX IulaBKd. Ha ocHoBaHHMH
BBINIOJIHEHHBIX TEPMOAMHAMUAYECKUX PAacCUuETOB MOKa3aHa HEBO3MOXHOCTD I1OJIyYEHUS
HHU3KOYTJIEpOOUCTOro (eppoxpoMa wu3-3a Oousblield BepOATHOCTH 0Opa3oBaHHUs
pa3TUYHBIX KapOWIoB XpoMma U xeneza. COCTaB MIMXTHI MPU IUIaBKEe OOO0MKKEHHBIX
XPOMHTOBBIX ¥ MapraHIeBbIX OKaThIlle OJU30K K COCTaBy ChIPhEBBIX KOMIIOHEHTOB,
UCMOJB3yEeMbIX Ha JEWCTBYIOUIUX (heppocIulaBHBIX 3aBOAaX, 4TO IIOATBEPKAAECTCS
aHaJIM30M MOJIy4YEeHHBIX CTaHAAPTHBIX MapoK (heppoCIIaBoOB.

Bce mocraBieHHbIe HCCIeI0BATENbCKUE 3aaYl, HAaUWHas C U3y4eHHs (HU3HKO-
XUMHMYECKUX CBOMCTB MaCHOPTHBIX MPOO OTBATBHBIX MEIKOIUCIEPCHBIX XPOMHUTOBBIX
¥ MapraHieBbIX IIJJAMOBBIX XBOCTOB, pa3pabOTKH TEXHOJIOIMHA HMX OOorameHus c
[IOJIyYEHUEM KOH/IMIIMOHHBIX KOHLIEHTPAaTOB, JaJbHEUIIEro CHUHTE3a
KOMIIO3UIIMOHHBIX O00XJKEHHBIX OKAaThIIed W MX IUIAaBKM Ha CTAaHJApPTHBIE MapKH
BBICOKOYTJIEPOIUCTOTO beppoxpoma, beppocunMkoMaprasua %}
BBICOKOYTJIEPOAMUCTOrO (peppoMaprania MOATBEPXKAAIOT MPaBUIBHOCTh BHIOpaHHOM
METOOJIOTMH ISl IPOBEICHHBIX UCCIIEIOBAHUM U UX PE3YIIbTATHI.

Ha Mol B3ry1s11, OCHOBHBIE Pe3yJIbTaThl IPOBEIEHHBIX UCCIIENOBAaHUHI IOKTOPAaTOM
Aumoii TacTaHOBOM COOTBETCTBYET IIOCTAaBJICHHBIM LM M 3ajadaM M Oyjer
CIOCOOCTBOBATh JalibHEWIIeMy TPOABHKEHHIO TIPUKIAJHOM HayKd B oOnactu
beppocIiaBoB.



B 3aK/IroYeHre MOXKHO OTMETHTh, 9TO B CBOEH JMCCepTalMOHHOM paboTe Ania
TacTanoBa TmoOKazana cebsi Kak COHOPMHPOBABIIMHCS KBalU(QULIMPOBAHHBIH
yccrenoBaTesb, YTO IOATBEPXKIACTCS OMYOIMKOBaHHBIMA B OTKPBITOM [OCTYIe®
HayYHBIMH CTaThiMH B MEXIyHapOIHBIX JXypHallaX, BOIICAIINX B 6a3y OaHHBIX
Scopus.

Kak MeXIyHapOIHbIA KOHCYJIBTAHT s MOATBEPKIAI0 BbICOKUH Hay4HbIH YPOBEHb
BBINOJIHEHHOM IMCCEpTAlMOHHOM paboThl Ha TeMy «Pa3paGoTka TEXHOJIOTHH
nepepabOTKU XBOCTOB 0OOrallleHUs XPOMUTOBBIX H MapraHIEBbIX py/l C IOy YCHHEM
OKaThIIIeH Ul IPOM3BOJACTBa (EppOCILIABOB» a €€ aBTOp IPHUCYKACHHs CTCICHH
nokropa ¢unocodun (PhD) mo cremuamsHocT 8D07204 — «Metammypriveckas
HHKEHEPUSD) .

C yBaKeHHEM,
/Mloamucano/

Hayu4Hblil KOHCYJIbTAHT, Npodeccop b. Mumpa
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Pecmy6nuka Ka3zaxcraH, ropoa AjMaThl. ;
IATOE aBrycTa JBE€ THICAYM JBaJUATh IISATOrO roJa.

TekcT-nepeBo JOKYMEHTa aHTJIMHCKOTO I3bIKa Ha PYCCKHMM SA3bIK BBIIIOJHEH NEPEBOIYMKOM
TapranbaeBoit ['ayxap XompacoBHoHW, ABaguaTh MHIECTOrO HOAOpS ThICS4a  AEBATHCOT
IIECTBAECAT JEBATOTO TOAa pOXKACHUSA, YypOKeHKa AsMaTuHCcKoW obsacty, HWMHWH
691126401857, mnepeBomuuk HWII «I'mobyc» (CBUAETENBCTBO O TOCYAapCTBEHHOM
peructpanuu cepust 6004 Ne 0009662 ot 06 suBapst 2004 rona).
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Pecmy6nuka Ka3zaxcran, ropoa Aimarsl,

IIITOE aBrycCTa JIBE€ ThICAYM JIBAILATH MATOrO roja.

S, baxweitbek JXyunei3, HoTapuyc ropojga AJMaThl, [IeHCTBYIOUIMH Ha OCHOBaHUHU
I'ocynapctBenHoi# nunensuu Ne 22006963 ot 13.04.2022 roga, BelJaHHOM MuUHUCTEPCTBOM
roctunnu Pecrmy6nuku KaszaxcraH, CBHUIETENBCTBYIO MOJUIMHHOCTh MOJNUCU IEPEBOAYMKA
Tapran6aeBoii I'ayxap  XKompacoBHo#.  JIMYHOCTP  MEpeBOJYMKA  YCTaHOBIIEHA,
JEEeCIIOCOOHOCTh M TOJHOMOYMs TpoBepeHbl. CornacHo, crathe 79 m.2 3akoHa PK «O
HOTapuaTe», HOTapUyC CBHUJETENBCTBYET MOMJIMHHOCTh IIOANMCH II€PEBOAYMKA, HE
yZIOCTOBEpsieT ()aKTOB, M3JIOKEHHBIX B JOKYMEHTE, a JUIIb MOJTBEPKIAET, YTO IOAIKCH
CZI€IaHa OIPEEIIEHHBIM JIULIOM.
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