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To whom it may concern

REVIEW
on thesis work of Shuhratjon Nazarov on theme “Physical and chemical
properties of aluminum alloy Al + 6% Li with rare-earth metals” for the degree
of Candidate of Technical Sciences specialty
02.00.04-Physical chemistry.

I am glad to confirm that:

from November 2015 until September 2016 Shuhratjon Nazarov conducted research in
laboratory of Industrial Engineering Department at the University of Padua in the frame of Erasmus-
Mundus Silkroad program.

The scientific activity was performed under the supervision of prof. Irene Calliari, Associate
Professor of Metallurgy at Department of Industrial Engineering, University of Padua.
The activity consisted mainly in measurement of thermo-physical properties, metallographie studies,
X-ray diffraction and corrosion tests of AL + 6% Li alloy with rare earth elements. This activity is as
part of the thesis work on the topic "Physical and chemical properties of aluminum alloy Al + 6% Li,
with rare earth metals (Y, La, Ce, Pr, Nd)".

Statement of the research activity:

Thesis work was performed at a good scientific level. The conclusions reported in the paper are
substantiated by various independent physical and chemical research methods, and the thesis work
itselfis a complete scientific research. As a result of the research conducted by Shuhratjon Nazarov, a
technology for producing aluminum-lithium alloys with rare-earth metals could be developed. The
Al+6%L.i alloys has been successfully obtained by a vacuum process, with low porosities and
impurities. X-ray microanalysis of alloys Al+6%Li + Y (La, Ce, Pr, Nd) confirm that the composition
of the alloys is close to the charge composition, with the exception of a small deviation from the
specified composition of lithium. The addition of different amounts of rare earths results in
hardness increasing. This fact can be ascribed both to the reduction of the grain size and the
precipitation hardening mechanism. Also the influence of the RE addition on the corrosion
resistance was evaluated and a maximum in the corrosion properties at 0.05% of RE was
found. This fact is linked with the dimension and distribution of the precipitates that produce a
generalized corrosion for low quantity of RE and local galvanic corrosion for high RE content.
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Using STEREOSCAN440 SEM scanning electron microscope, the effect of rare-earth metals
on the microstructure of AL + 6% Li alloy was established and it was shown that small additions of
rare earth metals significantly refine the eutectic structure (a-Al + AlLi) in alloys.

The effect of rare-earths on the specific heat of the Al + 6% Li alloy was studied using a
differential scanning calorimeter. The addition of 0.5 wt. % yttrium and neodymium to the alloy Al +
6% L.i increase its specific heat, but at the same time reduce the thermal conductivity of the alloy Al +
6% Li, as expected. All the alloys have an increase in specific heat and thermal conductivity as a
function of temperature. Thermal diffusivity of alloys decrease slightly and thermal conductivity is
anticorrelated with the hardness.

The committee suggests to Nazarov Sh.A to continue the research project by studying the alloys
after homogenization heat treatments, at about 450-500°C. The effect of different holding times and
temperatures has to be tested. These thermo-mechanical treatments are parts of the production process
of industrial alloys, so the investigations of Al-Li +RE alloys in forged conditions would be more
valuable from the industrial point of view.

Author's personal participation.

The author’s personal involvement consists in the analysis of literary data, the formulation
and solution of research problems, the preparation and conduction of experimental research in
the laboratory, the analysis of the obtained results , the formulation of the main theses and conclusions
of the thesis. The writing of the main works was carried out Nazarov Sh.A. with co-authors. The
collection and analysis of literary sources, their processing and design, the generalization ofthe results
of tlie work in the thesis and its main ideas were carried out jointly with the supervisor.

Dissemination
Preliminary results were presented at international conferences and published on journals.

1. Nazarov Sh. A./ IR thermography for the assessment of the thermal conductivity of aluminum
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Applications XXXIX. PROCEEDINGS OF SPIE Defence+ Commerciel Sensing 2017/,
Anaheim California USA P9.
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Sh.A., Rossi S., Bison P., Pezzato L., Calliari I., Ganiev 1.N.// Physics of Metals and
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The thesis of Nazarov Shuhratjon Abduglomovich is an independently carried out research
work, which is of great importance for the understanding of metallurgical processes and their
management, the development of new promising technical materials. The thesis meets the criteria for
the award of the degree of Candidate of Technical Sciences in the specialty 02.00.04- Physical
Chemistry.

Sincerely,

Irene Calliari

Padova 11thMarch 2019

Irene Calliari

Associate Professor,

Department Industrial Engineering
University of Padova

Via Marzolo,9

Padova, Italy



[na npeabsBneHys no MecTy TpeboBaHUs

OT3bIB

Ha pa6oTy HazapoBa LLyxpaTmkoHa AbayrysioMoBuya Ha TeMy
«PU3NKO-XMUYECKME CBONCTBA a/ItOMUHMEBOrO crisilaBa Al+6%Li ¢
peakosemenbHbIMU MeTannamu (Y, La, Ce, Pr, Nd) », Ha couckaHue y4YEHou
CTENeHN KaHAaujaTa TeEXHUYECKNX HayK Mo crieuynansHocTy 02.00.04-
du3nyeckasa Xmmus

A paga NoATBEPANTb, YTO:

C Hos6psi 2015 roga no ceHTs6pb 2016 roga LUyxpaTmkoH HasapoB nposoamn
uccnegosaHve B nabopatopuu  Kaedpbl  UHAYCTPUaNbHOM — MHXeHepun  MajyaHCKOro
YHUBEPCUTETA B paMKax nporpammbl dpasmyc-MyHayc LLIENKOBbIA NyTb.

HayuHas [esTenbHOCTb OCYLLEeCTBASMNaCh MoA PykoBoacTBOM npod. MpsH Kannspw,
npodeccopa Kaeapbl MeTanNyprum aenaptTameHTa MHAYCTPUanbHOW UHXeHepun MagyaHCKoro
YHMBEpPCUTETA.

dTa  [eATeNlbHOCTb  COCTOANa U3 M3MEPeHWUs  TENJoMU3NYECKUX  CBOWACTB,
MeTanorpapuyeckmx WCCnefoBaHUA, PEHTreHOCTPYKTYPHbIX W KOPPO3MOHHBLIX WCMbITAHWIA
cnnasa Al+6% Li ¢ peakoseMenbHbIMKM MeTasiiamu. [aHHas AesTeNlbHOCTb SB/ISIETCS YacTbio
ANCCEPTaLMOHHONM paboTbl Ha TeMy «®DUNKO-XMMUYECKME CBOICTBA a/IlOMWUHMEBONO CrlaBa
Al+6%L.i ¢ peakosemenbHbIMU MeTasinamm (Y, La, Ce, Pr, Nd)».

OTu4eT 06 nccneaoBaTelbCKON AeATENbHOCTU:

[wnccepTaynoHHas paboTa BbINo/IHEHA Ha HAYYHOM YPOBHe. BbIBObI, NpesCcTaB/IeHHbIE B
cTaTbe, MOATBEPXAAOTCA Pa3/INUYHbIMU  HE3aBUCUMbLIMA  (PU3NYECKUMW N XUMUYECKUMU
MeTOAaMn WCCNefoBaHUA, a cama [McCcepTauuMoHHas paboTa SBNAETCA MOMHbIM - HayYHbIM
nccnefoBaHueM. B pesynbTare MCCnefoBaHWA, NpoBefeHHbIX LUyxpaTmkoHom Ha3aposbiv,
MOXeT OblTb pa3paboTaHa TEXHONOrWUA MOMyYeHUs aIFOMUHWNEBO-NIUTUEBBLIX CMIaBOB C
peaKoseMeNibHbIMU MeTanniamu. Cnnaebl Al+6% Li 6blnv yCNeWwHo MosyyeHbl BaKyyMHbIM
CMOCO60M C HU3KMMMK MOPUCTOCTAMMU N MPUMECAMMW. PEHTreHOBCKMe MMKPOaHasm3bl CriaBoB
Al+6% Li + Y (La, Ce, Pr, Nd) noareep)aatoT, UTO COCTaB CM/aBOB G/IM30K K 3apsia0BOMY
COCTaBYy, 3a WCK/IHOYEHMEM HebO/bLIOr0 OTKNOHEeHMs OT YKa3aHHOro coctaBa JIMTuS.
[o6aBneHre pasIMUHbIX KOMMYECTB PeLKO3eMesibHbIX 3/IEMEHTOB MPUBOAUT K YBE/IMYEHUIO
TBEPAOCTW. ITOT (PaKT MOXHO OObACHWUTb, KakK YMeHbLUEHVEM pa3Mepa 3epHa, TakK W
MEXaHM3MOM OCaXKAeHusi Mpu TBepAeHWU. Takke ObII0 OLEHEHO BAUAHWE [06aBNEHHOIO
PELKO3eMe/IbHOro 3/IeMeHTa Ha KOPPO3WOHHYHK CTOWMKOCTb, M Obll HaldeH MakCuMyMm B
KOPPO31OHHbIX cBoicTBax npu 0,05% pefKo3eMeslbHOro 3fieMeHTa. 3TOT (DakT CBfA3aH C
pasMepom U1 pacnpefenieHnem 0CaflKoB, KOTOPble BbI3blBAKOT reHepaM30BaHHYH KOPPO3uo 414
HebOo/bLIOro KonmyecTBa P33 M NOKaNbHYHO rasibBaHUYECKYD KOPPO3UK0 /11 BbICOKOIO
COAEP>KaHNSA peiKO3eMesIbHbIX 3/1EMEHTOB.



C NoMOLLBH CKaHUPYHOLWErO 3/1eKTPOHHOIO Mukpockona STEREOSCAN440 SEM 661510
YCTaHOB/IEHO B/IMSIHWE PefKO3eMesibHbIX METaI/IoB Ha MUKPOCTPYKTYpYy cnnasa Al+6% Li, u
ObINI0 MOKa3aHo, YTO HebOo/bLUME N06ABKM PeaKO3eMENbHbIX META/IOB 3HAUYUTENbHO Yy4llakoT
3BTEKTMYECKYIO CTPYKTYpY (a-Al + AlLi) cnnasos.

BnvsaHve pefko3eMeSibHbIX MET//I0B Ha YAeNbHYH TernnoemkocTb cniasa Al + 6% Li
M3yyasnm ¢ UCNosb3oBaHWEM AMQdepeHLMansHOro CkaHupytowero kanopumMetpa. [obaska 0,5
mae. % nTTpus n Heoguma B cnnase Al+6% Li yBennumMBaroT ero yaenbHy Tens0emMKoCTb, HO B
TO K BPEMS CHWXatOT TennonpoBoAHOCTL cnnaBa Al+6% Li, Kak 1 oxupganocb. Bce crinasbl
MUMEIT  yBe/IMYeHWe YAe/NbHOM TennoemMKoCTM W TenjonpoBOAHOCTM B 3aBUCMMOCTM  OT
TemnepaTtypbl.  TemnepaTypornpoBOAHOCTb  CM/IaBOB  HECKO/IbKO  YMeHbLUaeTcs,  a
TEennonpPoBOAHOCTL aHTUKOPPENIMPYET C TBEPAOCTHLIO.

YuéHblin coBeT KomuteTa npegnaraet Hasaposy LLLA. Npogo/mKUTL 1CCnefoBaTeNbCKMIA
MPOEKT, M3Y4MB Cr/aBbl NOC/e FOMOreHN3NPYOLLEn TepMoobpaboTKM, NpK TemnepaType OKOJO
450-500 °C. BnunsHue pasiMyHbIX BPpeMeH BbIAEPXKKN 1 TemrepaTypbl AO/HKHO ObITb NPOBEPEHO.
AT TepMOMexaHW4eckMe  00paboTKM  ABMAKOTCA  YaCTbl0  Mpouecca  MPOU3BOACTBA
MPOMBILL/IEHHbIX CMIaBoB, MO3TOMY wuccrepoBaHus Al-Li + pefko3eMesibHbIX CMiaBoB B
KOBaHbIX YCNOBUAX Oblv 6bl 60/1€€ LIEHHBIMW C MPOMBbILLIEHHON TOUYKW 3pEHUS.

NnyHbI BKNag aBTOpa

JInuHbIA BKNAf aBTOpa 3aK/IHOYaeTCs B aHaM3e MTepaTypHbIX AaHHbIX, MOCTaHOBKE W
peLleHnmn 3aday MccnefoBaHuin, NOArOTOBKE M NPOBEAEHMN SKCNEPUMEHTa/IbHLIX UCCNef0BaHMIA
B N1abopaTOpHbIX YCMOBUAX, aHa/nM3e MOMYYeHHbIX Pe3ynbTaToB, (HOPMYNMPOBKE OCHOBHbIX
MONOXEHMA 1 BbLIBOAOB AuccepTauun. CO60p M aHaiM3 NTEPaTYyPHbIX WUCTOYHWMKOB, WX
06paboTka 1 ohopmsieHMe, 0606LLEeHNE pe3ybTaToB paboTbl M ee OCHOBHbIX UAel NPOBOAUINCL
COBMECTHO C Hay4HbIM PYKOBOAWTE/EM.

Paccbinka

MpenBapuTenbHble  pe3ynbTaTbl  ObLIM  MPEACTaBfeHbl  Ha  MeXAYyHapoAHbIX
KOH(pepeHLMAX 1 onyBINKOBaHbI B XXYypHasiax.
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Infrared Applications XXXIX, PROCEEDINGS OF SPIE Defence+ Commerciel
Sensing 2017/, Anaheim California USA P9.

2. Nazarov Sh.A. Metallographic studies of aluminum-lithium alloys added with rare
earths/ Nazarov Sh.A., Calliari 1., Pezzato L.// International conference: High tech die
casting 2016 Venice (ltaly) 2016 p. 10-14.

3. Nazarov Sh.A., Solid-State Oxidation Kinetics of a Lanthanum-Modified Al+6% Li
Alloy/ Nazarov Sh.A., Ganiev I.N., Calliari I., Berdiev A.E., Ganieva N.l.//Metally. 2018
#1, P.29-34.

Hasapos LL.A., KuHetrka okucneHus cniasa Al+6%Li, MoampununpoBaHHOro
NnaHTaHoMm, B TBepAom coctosHuW/ Hasapos LU.A. MaHunes VI.H., . Kannapw, bepaves
A.3., MaHmesa H.N.// MeTannbl, 2018/Nel. C. 34-40.

4. Nazarov Sh.A., Influence of rare earths addition on the properties of Al-Li alloy/
Nazarov Sh.A., Rossi S., Bison P., Pezzato L., Calliari 1., Ganiev I.N.// Physics of Metals
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Hasapos LLLA., BnnsHne 106aBOK peaKo3eMenbHbIX 3/1IEMEHTOB Ha CBOWCTBA CM/1aBOB
Al-Li/ Hazapos LU.A., Poccu C., BucoH T1., MNes3ato J1., Kananapu W., Manves N.H.//
du3mka meTaoB U MeTanoBefeHve, 2019/Ned. C. 433-441.

Oncceptauma Hazaposa LUyxpaTmkoHa A6QyrynomoBmMya - 370 CaMOCTOSTENIbHO
npoBefeHHas nccnefoBaTenbckas paboTa, KoTopas MMeeT 60/bLUOe 3HaYeHWe A1 MOHUMaHWS
METaNNyPruyeckmx MpoLEeccoB W WX YNpaBneHus, pa3paboTKM HOBbIX MEPCNEKTUBHBIX
TEXHUYECKNX MaTepuanoB. PaboTa COOTBETCTBYET KPUTEPUAM ANS MPUCBOEHUS YYEHOI CTEMNEHN
KaHAuzaTa TeXHUYeCKMX Hayk no creyunansHocty 02.00.04- usmyeckas Xumums.

C yBaXkeHVeMm,

VipeH Kannsapu

npoceccop MeTannyprim
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