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June 17,7025

Subject: Lefter of R.ecornmendation for Ms. Aisha Tastanova

Dear Sir or Madam:

I am writing this letter as the international acaden:ic advisor lbr the doctoral
dissertation of h'Is. Aisha Tastanova, who has submitted her researctr an the topico'Development of a Technology far Processing Tailings from Chron:rite andManganese ore Ber:reficiatior into Pellets fCI; FenoJloy production.,, Thedissertation was submitted in pursuit of a Doctor of philasr:phy {phn) degree in thespecialty "SD0 7 2A4 * Metallurgir.al Engineering.,'

Bnief Introductiom:

Aisha Tastanova's research is devoted to rhe significant issue of processing
industrial waste geuerated during the beneficiation of cirromite and mangansse ores.This tcpic is highly relevanl d*? lo the growing demar:d for cluornite and manganeseferroalloys usnd in the production of high-ailJy stsels. These ferroalloys are rnainlyutilized in che production of corosion-resiitant, heat*resistant, tool, and othei:specialized steels. The consistently increasing demand in mechanical engineedog,shipbuilding, rocketry, aviation engins manufacturing, and railway rail production
is stimulating the developrnent of ti* rnaterial resources in the ferroalloy industry.Hnwever, solid minerals are non-renewable resources, and therefbre , theinvolvetnent nf industrial waste in the production of standard-grade ten-oalloys is ahighly perrir:rent challenge.

It is well knawr that fine-grair:reil minsral sludges are r]ifficulr ro process and requirea special approach to selecting appropriate 
*processing 

techniques. The rnethodernployed lry Aisha Tastanorru gturity concentration offirr*-gruioed chronrite andmanganese slBdges with preliminary classification into nuoi* size fractions hasproven effective' As a result of her t****rch, she succeeded in obtaining standard-grade chron:ite and mangimess concentrates rvith increased recovery of targetcsmponents.
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However, the developrnent of * technology for producing fine-grained chrnmite an4
manganese concentrates does not fully resolve the issue of their subsequent
processing inta ferroalloys. The problem lies in the fact that when fine-grained
concentrate is charged into electric arc fumaces, it tends to disperse ; dust,
signifi cantly wors ening the snvironmental perfnrmanc e of metallurgical prodgcti an.

In her further research, Aisha Tastanova developed &n original technology for
producillg cornposite fired chronrite and manganes* pellets with sufficient stiength
for fsrther metallurgical procsssing" For the synrhnsis of durable pellers, she
proposed a new universal nafural fluxing corrlponent ferrous diat*miti reserve of
which are found in large quantities near the Aktobe Ferroalloy Plant. The research
showed that during thermal treatment of both chrornite and manganese green pellets,
the charge components form the mineral hedenbergite, which **tt* at 1 l ?0- l l g6.C
into a fern-calcium silicate glass, significantly incieasing the strength of the pellets.

Aisha Tastanova also conducted thennod3mamic calculations and, determined the
mast probable interactions of components in the fired chromite and manganese
pellets at lnelting temperatnres. Based on these calculations, it was shnwn that
producing l*w-carbon ferrochrome is unlikely due ro the higher probability of
fcrming variaus carbides of chramiurn and iran. The charge composition for mslting
the fired chran:ite and manganese pellets is close to th* cornposition af raw materials
used in operating ferroalloy plants, as ccnfinned by the analysis of the obtained
standard fen.nalloy grades.

All the researcLr tasks frorn the study of the physicochernical properties of reference
samples of fine-grained chrornite and manganese tailings, io tire development af
beneficiation technologies yielding standard concentrates, the synihesis of
composite fired pellets, and their smelting into standard grades of irigh*carbon
f'errochrome, ferrosi li coman ganess, and hi gh-carbon ferroniung*nese rJtrnr* ttr *
validity of the chosen researoh nrethodology and its results.

In my opinian, the rnain finctings of Aisha Tastanova's research are consistent r,vith
the stated *bjectives ar:rJ will bontribute to further advancements in applied science
in the field of ferrsalloys.

In conclusiott, tr wouid like to note that tluough her dissertation work, Aisha
Tastanova has provcn herself to be a competent and fully-fledged researsher, as
evidenced by her publications in open-access internatisnai ;n*mafs indexe6 in the
Scopus database.
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As the intemational advisor, I confirm the high scientific level of &e dissertatim
titled "Development of a Technology for Processing Tailings from Chromite and
Manganese Ore Beneficiation into Pellets fbr Ferroalloy Production," and I supprt
awarding her the degree of Doctor of Philosophy {PhD) in the specialry 8DA72M -
Metallurgical En gineering.

Sincerely,

&,.

Bsajendra Mishra
Scientific Advisor
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WPI (Bycrcpcrcnfi ronurexHuqecKr,tfi nHcrnryr)

Bpa.qxeHrpa Mnurpa
floqernrrfi npoQeccop trMeHH Kenuera f. Meppraalaa
,{uperrop l,l.ucruryta HHXeHepHH MarepnilroB H

npo H3Bo,ucr sa u HucruTyra n epepa6orKu M eraJrJro B

,{uperrop l{errpa no BoccraHoBJreHuro r,r nepepa6orre
pecypcoB (NSFiIUCRC)
(Haur.roHan*rufi uayvnrrfi Oora CIIIA / Kooneparuanufi
HccJreAoBarelrcnnfi rIeHTp <VHuaepcr,r:rer-HH4;lcrpuD)
I 00 HHcrraryr-poyA, r. Bycrep, Maccauycerc, 0 I 609,
CIIIA

17 urop.s 2025r.

Teua: PenoueHAarenbHoe rrucbMo Nrflrocrloxu AfiurE TacranoBofi

YsaxaeMbre AaMbr 14 rocrroAa!

f nutuY Aannoe rII,IcbMo B KaqecrBe MexAyHapoAHoro Ha)rqHofo KoHcynbraHTa
ro AoKTopcKofi AI{ccepraIII4oHHofi pa6ote rocrox<ll AfirurE TacraHoBofi, Koropyro
[peAcraBuna cBolo pa6ory Ha reMy <Paspa6orxa rexHoJrorun repepa6orxq xBocroB
o6oraTr{eHnfl, xpoMlrroBbrx u MaprarllleBbrx pyA c noJryqeHr{eM oKarbrrxefi Anfl
rIpoH3BoAcrBa QeppocrlJraBoB)). ,{ncceprallnfl rroAaHa Ha crerreHb [orcropa
Qunoco$rtn (PhD) no creqpl€ulbHocru (8D07204 - Merann)?nrqecKurfl r,rHxeHepur).

Kparxoe BBeAeHI{e: I4ccleAoBaH}Ie Afiuru TacHanoBofi nocBrrrleHo B€DKHofi
npo6reMe nepepa6orrcu rexHoreHHbrx orxoAoB, [oJryrraeMbrx rrpn o6oraul elvrr
XpoMlrToBhIX u MapraHrleBbrx pyA. 3ra TeMa BecbMa aKTy€uIbHa, nocKoJrbKy Nrfl,
npolI3BoAcTBa BbIcoKonefI,IpoBaHHbIX cTaIIefi rIoBbIIIIaeTc.f, CIIpoc Ha XpoMHToBbre r.r

MaprarIIIeBbIe $eppoctlJlaBbl. XponrnroBble H MapraHrleBhre $eppocnnaBbr B ocHoBHoM
[orpe6Jlf,rorcf, Anfl, [pol{3BoAcrBa Koppo3uoHHocrofirrx, x&ponpoqHbrx,
I{HcrpyMeHT€uIbHbIX u ApyrHX sKcKn}o3lrBHbrx BHAoB crrerlH€urbHbrx craJrefi.
HeyxloHHhlfi pacrylrlnfi crrpoc B MarxuHocrpoeHr.rn, Kopa6JrecrpoeHr4e,
paKeTOcTpoeHHLI, ABraaI\uOHHbrX ABHraTeJIefi, )KeJIe3HOA9pOXH6IX peJIbCoB
srHMynrpyer pa3BI{TI4e cblpbeBofi 6asrt $eppocnJraBHofi orpacnu. OAnaKo, TBepAbre
noJIe3HbIe LIcKorIaeMbIe oTHoc.f,Tcfl K He Bo3o6HoBnfleMbrM cbrpbeBbrM pecypcaM u
IIO3TOMy BOBJIeTIeHTIe TexHoreHHbrx oTXoAoB AJrfl rrpord3BoAcTBa KoHAHUT{OHHbIX

$eppo cfrJraBoB rBJrf, ercr BecbMa aKTy€ubHofi 3aAaqefi .

HsnectHo, rrro MenKoAacrrepcHhle urnaMhr noJIe3HbIX HCKOfIAEMbIX f,BJUITOTCf,

roAXoA K nrr6opy
TexH oJIo rl{qecKrrx [prr eMo B HX [epepa6orre. 3 $ Q enuBHbrM rBrrsercr H cn olrsyerraufi

rPyanoo6oraruMhrMH npoAyKT€tMH H rpe6yror oco6ufi

Afiurofi TacraHoBofi rrpr{eM, 3aKnroqarcrrluficr B

MenKoAHcIIepcHbrx xpoMr,rToBbrx u MapmHrleBbrx
piBAeneHr4eM Ha y3KHe Knacchr KpyrHocTH.

rpaBr.rTauraoHHoM o6oraul elFIHu

rrrJraMoB c rrpeABapHTeJrbHbrM

B p$ynbrare rrpoBeAeHHbrx



HCCneAOBaHlrr{ AOKTOpaHTy yAarrocb IIOJryqHTb KOHAr,rqHOHHbre XpOMHTOBbTe U

MapraHlleBbre KoHrIeHTpaTbr c [oBbrrrreHueM Lr3BreqelJufl, rleJreBbrx KoMrroHeHToB.

OAHaro,
xpoMHToBbrx

AaJrbHefiurefi
3aKrroqaeTct

p a3pao oTKa TexHoJrofuu [oJryqeHHfl MenKoA]rcnepcHbrx KOHAHTIH oHH brx
H MapraHrleBbrx KoHrIeHTparoB He B rroJrHofi vrepe peuaer Bonpoc HX

repepa6orxu Ha coorBercrByrorurle QeppocrrJraBhr. llpo6nevra
B ToM, qro rlpu 3arpy3Ke 3JreKTpoAyroBbrx ne.refi MeJrKoArrc[epcHbrM

KoHueHTparoM QarcruuecKr,r Becb 3Tor Mareplr€ur yJrerHT B rrbrJrb vr 3HaqHTeJrbHo

IXYAUTHT 3KOJTO ruqe CKHe rrapaMeTpbr MeT€rrrJrypfHrrecKoro npoH3B oAcTBa.

B cBoax AiurbHefiuux rccneAoBaHr4f,x Afiua TacranoBa parpa6or€ura
opnrnHaJrbHylo rexHoJrorlrro rronyqenufl. KoMlo3nrlrroHHbrx o6oxxeHHhrx
xpoMuToBbrx u MapmHueBbrx onaruurefi, o6raAarouux Aocraro.rHofi lporrHocrbro
Nrfl vrx A€IrrbHefiurefi Mer€LrrJryprnrrecrofi repepa6omu. Ans cHHTe3a npoqHbrx
oramrnefi 6un rpeAno)rceH Honrrfi yHlrBepcalrHufi Smocyroqnfi rplrpoAHrrfi
KOMnOHeHT XeJre3r.rcTbrfi [IlrarOMHT, 3afracbr KOTOpbTX B OrpOMHhrX O6reUaX HD(OArTCfl

HerloA€ureKy or Arrro6uHcKoro 3aBoAa QeppocrrJraBoB. Kar noKa3aJrr{ pe3ynbrarbr
rrpoBeAeHHbrx HccneAonanrafi, KaK B xpoMlrroBbrx raK u B MapraHrleBbrx cbrpbrx
oKarbrrrrax rpz repMurrecrofi o6pa6ome u3 KoMrroHeHToB rrrraxrbr o6pasyerct
MHHepaJI ruAeHbeprr.rr, rcoropufi c noBbrrrreHneM TeMrreparypbr orrJlaBJlfleres, c
o6pa:onaHv eM QepporcaJrbrlueBocuJruKarHoro creKJra rpu lI70-1 180 oC, rrro
3HaTIHTeJIbHO tIOBbIIrraeT HX [pOrIHOCTb.

Afiruofi TacraHosofi BbrrroJrHeHbr repMoArrHaMlrrrecKae pacqerbr LI onpeAeJIeHbI

Hau6oree BeporrHbre B3ar.rMoAeficrsLrfl KoMrroHeHTon, o6oxxeHHbrx xpoMlIToBbIX LI

MapraHrleBbrx oraruurefi B o6racrn reMneparyp IlX nJraBKr{. Ha ocHoBaHLIu

BbrrroJrHeHHbrx TepMoAr4HaMHrrecKr,rx pacqeToB noKa3aHa HeBo3MolI{HocTb tloJryqellvIfl,
Hu3KoyrJrepoArrcroro SeppoxpoMa Lr3-3a 6omnrefi BepoflTHocrn o6pasoBaHlas
pinJrr{qHbrx rcap6u4on xpoMa ra xene3a. Cocras [rlrxrbl rlpn nJIaBKe o6oxxeHHblx
xpoMr,rroBbrx H MapraHrleBbrx oKarbrure 6lu3oK K cocraBy cbrpbeBblx KoMfIoHeHToB,

HcrroJrb3yeMbrx Ha Aeficreyrculux SeppocrrJraBHbrx 3aBoAilx, rrro noATBepxAaerct
aH €IJr r{ 3oM noJryrr eHHbrx craHAaprHbrx MapoK S epp oc tIJIaBoB .

Bce [ocraBJIeHHbIe IdccneAoBareJlbcKl,Ie 3aAarru, HaqIlH as, c I,I3yqeHun $uzI,IKo-
xuMuqecKlrx cnoficrB rracfroprHbrx npo6 orB€urbHbrx MeJrKoAHcrrepcHhIX xpoMHToBbIX
H MapraHrleBbrx rrrJraMoBbrx xBocroB, paspa6orKz TexHonorprfi nx o6orauleHr4fl. c

[oJrrleH]reM KoHALrrILroHHbrx KOHTIeHTpaTOB, A€urbHeI{IrIerO CLIHTe3a

KoMrro3r,rrlr{oHHbrx o6oxxeHHbrx onarrruefi u r4x rrJraBK[r Ha craHAaprHble MapKrI

BbrcoKoyfnepoAHcTofo $eppoxpoMa, Q epp o cLrJrr{K o M apraHrla
BbrcoKoyrnepoAr4croro $eppouapraHrla rroATBepxAaror rrpaBunbHocrb nu6panHofi
MeroAoJrorrru Anfl npoBeAeHHbrx r{ccneAoeaHnfi H ux pe3ynbrarbl.

Ha rvrofi B3rJrf,A, ocHoBHbre pe3yJrbrarbr rrpoBeAeHHbrx r{ccneAonaHnfi AoKToparoM
Afiurofi Tacrauonofi coorBercrByer rrocraBJreHHbrM rlen.f,M u 3aAaqaM H 6yaer
cnoco6crBoBarb A€LrrbHefiruevry rrpoABnxceHu]o rpr{KJraAHofi HayKH B o6racru

QeppocnJraBoB.



B gaKnrorreHlre Mo)KHo orMerlrrb, rrro n cnoefi AplcceprallnoHnofi pa6ore Afirua

TacrasoBa noKa:laJra ce6s KaK csopvrupoBaBluuitcs, xaanu$ullHpoBaHHsIfi

rdccneAoBareJrb, rrro noATBepxAaercs ouy6nHKoBalIHbIMH B orKpbIToM Aocryrle

HafrHbrMlr crarbflMu B MexAyHapoAHbrx x(ypH€IJI€x, BolrreAlrrltx B 6asy AaHHbIX

Scopus.
Karc Me)K4yHapoAHbrfi roHcyJrbraHT r roATBepxqarc BbIcoKpIfi nayrHufi ypoBeHb

BbrrroJrHegHofi ArrcceprtulnoHnofi pa6oru Ha reMy <Pa:pa6orra rexHoJIorHH

[epepa6ogn xBocron o6orarrleHr{f, xpoMr{ToBbrx LI MapraHlleBbrx pyA c [oJryqeHHeM

orarrrurefi AJrfl npor,r3BoAcrBa SeppocrrJraBoB) a ee aBTop [pucyxAeHlrt crerreHll

Aorcropa Qnloco$"" ehD) ro cneqrraJrbHocrr.r 8D07204 <MerannyprrlrlecKiln

HH)KeHepHD).

C ynaxeHl.IeM,

/lloanncaHo/

E. MnrupaHayuHrrfi rcoHcyJrbraHT' rlpo$eccop

IleHrp rlo BoccraHoBJreHlrlo H nepepa6orKe pecypcoB

I{eurp repeAoBoro onblTa B TepM}rqecrcofi o6pa6orne
WP I (B y crepcrcnfi rIoJIlITexH HqecKIl fi r'r n crt'r'ryr)

100 I,IHcrnryr-poyA, Bycrep, Maccaqycerc, 01609, CIIIA
3nexrpoHHafl noqra: bmishra@wpi.edu
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Pecrry6Jrr.rKa KasaxcraH, ropoA Aruaru.
[rToe aBrycTa ABe Tbrcrqu ABa.urIaTb rrrToro ro,qa.

Tercr-nepero4 AoKyMerna anmuficroro rsbrKa Ha pyccrnfi r3BrK BbruoJrteH rrepeBoAqlrKoM
Taprau6aenofi fayxap XorAaconuoft, .uBaArlarb ruecroro nor6pr rrrcrva AeBtrbcor
ruecrb.qecrr ,ueBrroro roAa pox.qeulrs, ypox(eHxa Arlaaruscrofi o6nactu, l4W1
691126401857, repeBoAqxK Wl <fno6yc> (Cangercmcrao o rocyAapcrnenHofi
pemcrpaqrur cepu.r 6004 Ns 0009662 m 06 nrrapr 2004 roaa).

I4ws, [epeBoArILIKa

lloAuracr

Pecny6aura Ka3axcraH, ropo4 Anr"rarrr,
nrroi aarycra gBe rhrcrqu ABaArIarb flrroro roAa.
.fI, Baxrrr6ex Xy-n4us, Horapr{yc ropo4a Arrraatu, geficreyrouutrr sa ocHoBaHLtI
focy,uapcraeHnofi nraqensura Ns 22006963 w 13.04.2022 roAa, Bh1qaHnofi Mnnncrepcraola
rocrrrqlru Pecny6nurcr Ka:axcran, cBrr,qereJrrcrByro noAIuHHocrE IloArrlrcrr nepeBo4unK&
Taprau6aeaofi fayxap XorAacosHofi. Jlruroqrl uepeBogrrrKa ycrarroBJleHa,

4eecnoco6noct u rroJrHoMoqur npoBepetbr. Cornacno, cra'rse 79 n.2 3arona PK (O
rroTapr,raTe), HoTap[yc cBu,qeTerbcTByeT rro,qJrr.rHrrocTB rro.qnucl{ [epeBoAqrrKa, He

yAocroBeprer (f arroa, r{3JroxeHHbrx B ,uorcyMeHTo, a Jrurrrb flo.(rBep)qqaer, rrro rloArllrcb
cAeJraHa onpeAeJreHHLrM J[rrIoM.

3aperucrpr.,rpoBaHo B peecrpe sa Nsl 160

BsHcrcaHo: 118 renre rocroruJlr,rHa + I966 TeHre
xHr4qecKofo rrpaBoBof o xapaKTepa
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