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The thesis developed by Assem Kaliyeva Mukhtarkhanowna, titled: “Obtaining and investigation of
composite materials for flameless heaters”, in order to obtain the Doctor of Philosophy (PhD) degree in
Chemical Technology of Explosives and Pyrotechnics (6D073900), is a very interesting and significant work.
It involves flameless heaters, important tools where and when it is impossible to use fire, electricity or
natural gas, or in cases where the use of these heat sources is limited due to adverse factors. Chemical
powders based on energy-intensive metals (magnesium, calcium, iron, aluminum, or their mixtures)
carrying out exothermic reactions, are used to equip such autonomous heating devices, widely used in
miiitary piaces for heating or cooking. It 1s important to note that flameless heaters are aiso widely used
in medicine.

The exothermic powders need to be improved, depending on the type of application. Due to this,
the aim of the research is to obtain and investigate energy-intensive composites for flameless heaters

based on calcium oxide, magnedium

oride and sodium bicarbonate, obtained by mechann-chemical
synthesis, using finely dispersed aluminum powders. Advanced laboratory instruments and equipments
are used to develop the scientific research on the topic of the dissertation, such as Retsch PM100 planetary
mill, Pulverisette 5 planetary mill, QUANTA 3D 200i microscope (SEM). The research activity also involves
the use of NASA-CEA and TERRA codes for thermodynamic calculations ofthermal effects.

The gond and very appreciated logic of the thesis implies the development of the following impartant
tasks. The first is the study of aluminum powders, the production of highly dispersed aluminum powders
by preliminary mechanical and chemical processing and the investigation of its physical and chemical
properties. The use of aluminum powders also has a number of advantages, such as high performance,
low cost, safety of use, transportation, storage, disposal, minimum weight and long shelf fife. The second
is the determination of the optimal ratios of the exothermic composite Ac-Alr-MnQ;-SiO for highly
dispersed flameless heaters based on Al, and the investigation of the effect of mechano- chemical
activation on the reactivity of the composite. The third important task is the determination of the optimal
ratios of the MgCl;-NaOH-H:O composite for water-activated flameless heaters, and the study of their
physico-chemical parameters.



The research is focused on high-energy, exothermic, dispersed aluminum-based powders obtained

cchemical activation, invectioating the processes of exothermic reactione of flamelece heatare

us ng the developed composites based on dispersed aluminum. The dissertation consists of an
ntroduction, of 5 chapters, conclusions and applications. The work is presented and discussed in 105
pages of text, containing 21 tables and 41 figures. The list of sources referenced includes 112 items.

| have known the candidate Assem Kaliyeva Muhtarhanovna for one year during her stages at the
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appreciate her competence when he attended the stages, when she proved herself to be a very good

student, with a good competence in the specific fields of the thesis. She is really motivated and determined

to attend and to achieve a PhD degree, due to her very strong interest in this area. | can confirm Assem

Kaliyeva Mukhtarkhanovna's passion, and I can confirm that she is a reliable person, responsible and
=r"nus. suitable for team work: she is an autgoing and practical person, curious and sensitive. | wish to

underline the rich personality of the candidate, shown during her experience at Politecnico di Milano.

| appreciate her thesis, which is a very nice and good work.

If you need any further information, please contact me at the following address.

Best regards. '

Luciano Galfetti

!Li @ Gna{iﬂl 14&'!%
Milano, 10 February 2022.

Prof. Luciano Galfetti ‘
Politecnico di Milano 2%
Aerospace Science and Technology Department N
SPLab, Space Propulsion Laboratory ‘\ 4
Via La Masa, 34
1-20156 Milang, italy
ph: +39 02 2399 8526

iaa. 733 G2 2355 6334
e-mail: luciano.galfetti@polimi.it
web site: hitp://www.splab. polimi.it
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[lenapTameHT a3pOKOCMMUHECKHUX HayK 1 TEXHONOTnA
MUAZHCKWIA NONNTEXHUHECKUIA YHUBEPCUTET

(nevatb)

Kasaxckomy HayuoHanbHomy
YHUBEpCUTeTy Um. anb-Gapabu

[nccepTauuns, BbiNONHEHHAA Acem Kanuepoit MyxTapxaHOBHOW MOJA Ha3BaHUEM
“floNy4eHne W wWccnepoBalve  KOMMO3ULMOHHBIX maTepuanos paa  BecnnameHHbIX
HarpesaTenei”, AnA NONy4eHuA creneHn aoktopa ¢unocoduu (PhD) B 0613aCTU XMMUUECKON
TEXHONOTMU B3PbIBYATbIX BELECTB U NUPOTEXHUKA (6D073900), aBnAeTCA OYEHB WHTEPECHOW U
3Haummoii paboToii. ITO BKAKOYAET B cebs BecnnameHHble HarpeBaTeNn NOb3yHTCA BonblmMm
cnpocom B Tex cny4asx, Koraa HEBO3MOMKHO MCNONBb30BaTb OrOHb, 3MEKTPUYECTBO WM
NpUPOAHbIN Fa3, Ha OTKPLITOM BO3AYXe, B MONEBbLIX YCNOBUAX MW WCMONb30BaHWE 3STUX
UCTOUHUKOB TEMAa OrpaHWyeHo W3-3a NPUPOAHBIX U PAsANUHbIX HebNAaronpuATHbIX GaKToOpOB.
X/MUYECKME MOPOWKM Ha OCHOBE SHEPrOeMKUX MeTannos (marHua, Kanbuua, Xenesa,
AIOMUHUA WAN MX CMeceit), ocyliecTeAsoLMue SK30TEPMUECKUE peaKuvu, UCNOob3YIOTCA ANA
OCHALLLEHWA TaKUX aBTOHOMHbIX HarpesaTe/bHbIX YCTPOICTB, LUMPOKO MUCMO/b3YeMbIX B BOGHHbIX
mectax AnA oborpeBa WAM NPUrOTOBNEHUA NULLN. BayKHO OTMeTWUTb, YTO BecnnameHHble
HarpesaTeNy TaKKe WMPOKO MCTONb3YIoTCA B MeguuMHE.

IJK30TEpPMUYECKUE MOPOLKK HYKAAIOTCA B yNydlWeHWu, B 3aBUCMMOCTM OT TUNa
npumeHeHua. B cBA3K C 3TUM LENbIO uccnenoBaHNA ABAAETCA NONYYEHME W UCCNeA0BaHNE
SHEpProeMKux Komnosutos ANAa GecnnaMeHHbIX HarpesaTeneil Ha OCHOBE OKCWAA Ka/lbLUWA,
Xn0pupa MmarHusa wu 6ukapboHaTa HaTpuA, NOAYHEHHbIX MEXaHOXUMUYECKUM CHHTE30M C
WCNO/b30BAHUEM MENKOAUCNEPCHBIX MOPOLWKOB  aNtioMUHWA. Ona pa3spaboTku Hay4YHbIX
uccnepoBaHMii NO TeMe AMCCepTalmMn MCNONb3YIOTCA nepeaoBbie nabopaTopHbie npubopbl U
o6opyA0BaHUA, TaKMe Kak naaHeTapHas menbHuua Retsch PM100, nnaHeTapHasa Me/ibHUUG
Pulverisette 5, mukpockon QUANTA 3D 200i (SEM). WUccnepoBaTtenbckan AEATE/IbHOCTD TaKxKe
srniouaeT ucnonb3osanue kogos NASA-CEA u TERRA ana TepmMOAUHAMUYECKUX PacveTos
TenNoBbiX 3PPeKTOB.

XOpoLan U O4eHb LIeHHaA I0TUKa AnuccepTaliin noppasymeBaet pa3paboTky creayroumx
BaHbIX 3apay. [epsbli - 2310 M3ydeHue aNiOMUHMEBbIX MOPOLUKOB, MonyYeHue
BbICOKOAMCMEPCHbIX a/NIOMUHWAEBbIX MNOPOWKOB MNYyTEM npeasapuTeNbHOM MeXaHU4YeCcKoin |
XxUmuyeckoit obpaboTkm W mccnepoBaHue WX PU3NYECKUX W XUMUYECKUX CBOWCTB.
Ncnonb3oBaHWe antoMUHNEBBIX nopoLwiKkoB TaK¥Ke umeeT pag npeMmyLiecTs, TaKKUX KaK BbICOKaA
NpOW3BOAUTENBHOCTb, HU3KaA CTOUMOCTD, 6e30nNacHOCTb MCMNO/Nb30BAHNUA, TPAHCMOPTUPOBKMY,
XpaHeHus, YTUAU3auuu, MUHVMAaZbHBIA BEC U AAUTENbHbIA CPOK FOAHOCTU. BTOpbIM ABNAGTCA
onpegeneHne onTUMaabHbIX COOTHOLLIEHUI IK30TEPMMUYECKOro KOMMNOo3uTa Als-ALg-MnO3- SiO
ANA BLICOKOAWCTEPCHbIX BecnnameHHbIX Harpesarteneil Ha ocHose Al u uccnefosaHne BIUAHUA
MEXaHOXMMMYECKOM aKTUBALMKU Ha PEAKUUOHHYIO cnocoBHOCTb KOMNO3uTa. TpeTbeli BaXKHOI
3afayeit apnaeTca onpeaeneHune ONTUMa/IbHBIX COOTHOLLEHUH KOMMNO3WTa MgCl-NaOH-H20 ans
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2020-2KTMBMpPYEMBIX DecnaameHHbIX narpesaTeneit M U3yyeHUEe WX (QUIUKO-XUMUYECKUX
n2pameTpoB.

WccnepoBaHWe  COCPeAOTOYEHO  Ha BbICOKOIHEPreTUHECKUX  IK30TePMUYECKUX
2MCNepCHBIX MOPOLIKax Ha OCHOBE aNloOMUHWA, NONYYEHHBIX MYTEM MEXaHOXMMUYECKOM
2xTHBALMKU, UCcneaya npoueccol 3K30TEPMUYECKNX peakunii becnnameHHbIX HarpesaTenei ¢
4cnonb30BaHMEM paspaboTaHHbiX KOMNO3UTOB  HA  OCHOBE JAUCNEepPCHOTO  aNlOMUHKA.
ZwccepTauMA COCTOMT W3 BBEAEHWA, S 11aB, BbIBOAOE npunoxeHuit. Pabota npeacrasneHa n

2Gcymaaetcs Ha 105 cTpaHuLax TeKCTa, coagepawero 21 Tabnuuy 1 41 pucyHok. Cnucok
#CTOYHMKOB, Ha KOTOpbIE CCbINAIOTCA, BRNOHAET 112 nyHKTOB.

A 3HaKOM C KaHaupaTom Acem Kgnuesoﬁ MyxTapxaHOBHOW B Te4YeHWe OAHOTO roAad BO
spema ee obyveHMA Ha ¢akynbTeTe a5POKOCMUYECKOW HAYKUM U TeXHUKW MwunaHckoro
ToauTexHUUECKOro YHuBepcuTeTa. Y MeHa 6blla BO3MOMKHOCTb OLLEHUTb €€ KOMMETEHTHOCTD,
«ora2 OHa NPUCYTCTBOBaNa Ha 3Tanax BbiNO/NHEHWA cBoell auccepTauuu, OHa nokasana cebn
JuskHb XOpOLEe CTY/IeHTKON, obnadalowein xopoLen KoMMeTeHUunen B KOHKPeTHbIX obnacrax
awcceptauuu. OHa AelCTBATENbHO MOTMBUPOBAHA W [OCTOWHO NOMY4MTL CTeneHb AOKTOpa
sunocodun, bnaropapa ee o4eHb CU/IbHBIM uHTEpecam K aToi obnactu. i mory NOATBEPAUTE
crapaHua v Tpya Acem Kanuesoit MyxTapxaHOBHbI, U A MOTY NOATBEPANTD, YTO OHa HAAEMKHbINA
<27088K, OTBETCTBEHHbIA M cepbesHblii, NOAXOAAWMIA  ANA KOMaHgHo paboTbl; OHa
oBWMTENbHBIA Y NPaKTUUHBbIA YeNoBeK, N0GO3HaTENbHbIM U YyBCTBUTENbHbIA. Al XOuY
noa4epkHyTb BoraTylo MHAVBWAYANbHOCTL KaHaupaaTa, NpoAB/MEHHY0 BO Bpema ee yuyebbl B
Munanckom MNoAuTexHUYeCKoM YHuBepcuTeTe.

A LeHIo ee AUCCEepTaLMIo, KOTOpan ABNAETCA oUeHb XopoLLei ¥ AOCTORHOM.

Ecnu BaM HyXKHa Kakaa-nmbo fononHuTeNbHaA nHpopmauua, NOXanyicTa, CBAKNUTECH CO MHOW
no cnepyowemy aapecy. C yBaXKeHnem.

NyuaHo MandeTTn
(nopnuce, nevats)
MunaH, 10 ¢pespana 2022 roga .
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Npod. lyyaro Manderty
S MynaHcKuit NONUTEXHUYECKNIA yHUBEPCUTET
)z 3 ': aBopaTtopuA OTAEN0B a3POKOCMMUYECKOMN HayKu U
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+2n.- +39 02 2399 8526
=xc: +39 02 2399 8334
~exTPOHHaA nouTta: luciano.galfetti@polimi.it
_caiT: http://www.splab.polimi.it
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Pecny6auka Kazaxcman, 20pod Aamamel, yemeepmoe mapma dge moicsvu dgadyams
emopozo 200a. Texcm-nepegod 0okyMeHMa ¢ aH2AULICKO20 A3bika HA pycckuil s3vlk 6bia
8binonHeH nepesodqukom Melipbex Kypanaii Metip6ekkbissl, 18.02.1996 z0da poxcdeHus,
HHH 9602184002109.

ITodnucek

Pecnybauka Kaszaxcmas, 20pod Aamamel, vemeepmoe mapma dee moicavu dsadyams
emopozo zoda. A, Kan Eauzasema 'epacumosHa, Homapuyc 2opoda Aamamel, deticmeyrouuil
Ha ocHosaHuu 2ocydapcmeeHHol auyeHauu Ne 0000354 om 20.01.2006 zoda, svidaHHOI
Komumemom no opzanusayuu npaeosoil noMowu U OKA3AHUK HOpudu4eckux ycaye,
Haceaenuto MIO PK ceudemenscmeyio nodauHHocme nodnucu nepesoduuka Meiip6ek
Kypanaii Meilipbekkbizbl. JludHocmb nepesoduuka ycmaHosseHa, 0Oeecnoco6HOCmMb U
NO/IHOMO4USl NPOBEPEHDL, ' :

3apezucmpuposaHo 8 peeginpe 3a Ne 5497
Bsbickano 92 menze
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Homapuyc

Kan Enuzasema NepacumosHa

(7 e, U0
: ‘;&9 1@6‘;@::"‘”6.—4? ‘ﬂb

SIS

ES6001309220304093524G158827

HotapuarTeik ic-apekerTin Gipereid Homipi / YHWKaAbHbIA HOMEP HOTaPUANLHOTO AeHCTBHA



