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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6s1eHHS HOBUX HAHOCTPYKTYPOBaHUX KOMII03UTiB Ha ocHOBi cucteM Ni-Co, Ni-Co-Al ta Ti-Al-C 3

nigBuIeHUMU (i3UKO-XiMiYHMMU i MEXaHIYHMMU XapaKTePUCTUKAMU

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of new nanostructured composites based on Ni-Co, Ni-Co-Al and Ti-Al-C systems with improved
physicochemical and mechanical characteristics

Pedepat yKpaiHCBKOIO:

B pesysbrati HJIP BUKOHAaHO BCi IOCTaBJI€H] 3aBJaHHS Ta OTPMMaHO HACTYIIHI QyHAaMEeHTaJbHi Ta IPUKJIaLHi
pesyabTaTi: - ONTUMI30BaHO CIIOCOOM CHMHTE3Y I10JliMeTaIeBUX HaHOIIOPOILKiB Ha 0CHOBI Ni Ta Co MeToamu
BUJIYTOBYBAaHHSI Ta XiMiYHOTO BiTHOBJIEHHS. X-TIPOMEHEBOIO N1(PaKLielo, HU3bKOKyTOBUM PO3CIIOBaHHSIM X-
IIPOMEHIB, a TakoX Metogamu SEM, BET Bu3HaueHO piB€Hb HAHOCTPYKTYPOBAHOCTI CUHTE€30BaHUX MaTepialiB. -
[TigTBEpI>KEHO HASIBHICTb €J1eKTPOXiMiyHOI copoOLii-IecopbLii BofHIO HAaHOMaTepi-ajnamu Ha ocHoBi Ni ta Co.
[TokasaHO MO3UTUBHUI BIJIUB A0HATKiB HaHO-Ni/Co /Fe Ha XxapakTepUCTUKU KOMIIO3UTHUX MI'-e1eKTpoiB. -
Briepiie nokasaHo HasiBHICTb COpOLIii BOAHIO 3 Ta30BOi a3y CUHTE30BAaHUMU MaTepiajaMy 32 HOpMaJIbHUX YMOB
(kimMH. T-pa, Tuck H2 - 1...10 aT™), Ipy LIbOMY CTYIIiHb HEBIIOPSIIKOBAHOCTI B Psfi
KPUCTIIYHUI~HAaHOKPUCTAJIIUHU-aMOP(HUI CTaH KOPEJIIOE 3i CXUJIBbHICTIO 0 HABOOHIOBAHHS. - CUHTE30BaHi
noJiimeTaseBi HaHOcucTeMu Ha ocHOBI d-enemeHTiB (Fe, Co, Ni) anpo6oBaHi sk KaTani3aTopu rifgposi3HOro
reHepyBaHHSI BOJHIO 3 60POTiipyay HAaTPilo Ta KOMIIO3UTIB Ha OCHOBI riipyuay MarHito. Po3pobiieHo
HAaHOCTPYKTYpPOBaHUI GiKOMIIOHEHTHUHI KaTajli3aTop AJ1s1 NPUCTPOIO “risposizHuii 6510k - [1K”. - BcraHoBI€HO, 1110
VHIKaJIbHUM ITO€JHAHHSIM BUCOKUX XapocTilikocTi (Dm/S = 0,05 Mr/cmM2) i moBepxHeBOi €J1IeKTPOIIPOBIHOCTI (S =
1,02.106 Cm/m) 3a Tpusasoi (1000 roa.) Butpumku npu 600°C y noBiTpi Bosozie HAHOCTPYKTypOBaHE IMOKPUTTS HAa
TUTaHOBOMY ciiaBi OT4-1, oTpuMaHe METOJJOM MarHeTPOHHOT0 ocaiKeHHs ogHodyacHo MAX ¢asu Ti2AlC i xpomy,
BMKOPHCTOBYIOUM IIPY LIbOMY NoNepeHe MOAU(IKyBaHHS IIOBEPXHI MigKIAIKA HOHAMU XPOMY i OCaIPKEHHS
nigmapy xpomy. - BcTaHOBIIEHO, 1110 BAKYYyMHO-AyTOBe HAHOCTPYKTYpOBaHe MOKPUTTS Ha ocHOBI MAX ¢asu Ti2AIC
I03BOJISIE MiABUILUTY 3HOCOCTIlKiCTh cTani 15X16KSH2MB®AB-III mpu 500°C y 2 pasy, a omip ppeTuHr-BToMi npu
20°C B 4,8 pasu. [lerani aBialiliHuX ABUTYHiB, 0OpO0JIEeH] 3riIHO 3alIpOIIOHOBAHOI TEXHOJIOTI], IepejaHo Ha CTEHIOBI

BUIpoOyBaHHs Ha Jlyubkomy 3aBoai TOB «JIP3 «MoTop».

Pedepar aHIJIiHCBKOIO:

As a result of the SRW, all the tasks were completed, and the following fundamental and applied results were
obtained: - The methods of synthesis of polymetallic nanopowders based on Ni and Co by leaching and chemical
reduction methods were optimized. The synthesized materials were characterized by X-ray diffraction, low-angle
X-ray scattering, SEM and BET methods. - The presence of electrochemical sorption-desorption of hydrogen by
Ni- and Co-based nanomaterials was confirmed. The positive effect of Ni/Co/Fe nano-additives on the
characteristics of MH-composite electrodes was shown. - The presence of hydrogen sorption from the gas phase
by synthesized materials under normal conditions (room temperature, H2 pressure - 1...10 atm) was shown for the
first time, while the degree of disorder in the series crystalline nanocrystalline-amorphous state correlates with
the tendency to hydrogenation. - The synthesized polymetal nanosystems based on d-elements (Fe, Co, Ni) have
been tested as catalysts for hydrogen generation via hydrolysis of sodium borohydride and composites based on
magnesium hydride. A nanostructured bicomponent catalyst for the “hydrolysis block - PC” device has been
developed. - A nanostructured coating on titanium alloy OT4-1 was obtained by magnetron sputtering of the MAX
phase Ti2AIC and chromium simultaneously using preliminary modification of the substrate surface with
chromium ions and deposition of a chromium sublayer. It was found that this coating possesses a unique
combination of high heat resistance (Dm/S = 0.05 mg/cm?2) and surface electrical conductivity (s = 1.02.106



Sm/m) during long-term (1000 h) exposure at 600°C in air. - It was established that the vacuum-arc
nanostructured coating based on the MAX phase Ti2AIC allows to increase the wear resistance of steel
15X16KSH2ZMB®AB-III at 500°C by 2 times and the resistance to fretting fatigue at 20°C by 4.8 times. Parts of
aircraft engines processed according to the proposed technology were transf
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: HaHOMOPOWKY Ha OCHOBI MEPEXiqHMX METAJIB Ta cruiasis cuctem Ni-Co ta Ni-Co-
Al. EbexTuBHi e1eKTpOiHI Ta BOAEHbIE€HEPYIOUi MaTepiay 3 MOKpalleHUMU POOOYMMHU NTapaMeTPaMU.
KoncTpykuiliHi marepiany i mOKpUTTs Ha OCHOBI HaHOMaMiHaTHUX MAX ¢a3 cucrtemu Ti-Al-C 3 nigsumeHnMu
XapaKTePUCTUKAMU MiLTHOCTi, 3HOCOTPUBKOCTI, €JIEKTPOIIPOBIIHOCTI i CTIIKOCTI 4,0 €po3ii IOBEPXHIi 32 BIVIUBY

MeXaHiYHMX HaBaHTa>KeHb Ta e]IeKTpI/I‘IHOi Oyru.

Hazpa HTII anrJiiicbKor0: Nanopowders based on transition metals and alloys of the Ni-Co and Ni-Co-Al
systems. Effective electrode and hydrogen-generating materials with improved operating parameters. Structural
materials and coatings based on nanolaminate MAX phases of the Ti-Al-C system with increased characteristics of
strength, wear resistance, electrical conductivity and resistance to surface erosion under the influence of
mechanical loads and electric arc.

HTII, sixy nepezn6ayasiocsi CTBOPUTH:
IIpuunnmu, yepe3s saki HTII ne 6ysi0 cTBOpeHoO:
OTpuMaHi pe3yJbTaTH: Marepianm

l'asmy3b 3acTocyBaHHS: 72.19 JlocifiKeHHs i eKCIIePUMEHTabHi PO3pPO6KH Y cdepi iHMNX TPUPOAHUYHX i

TEXHIYHUX HayK (€HepreTuka, 06po6Ha IPOMHUCIIOBICTD)
PeecTpaiifiHuil HOMep KapTKH Te€XHOJIOT1ii:

Omnuc HTII: lMposeneno cunTes ta mOCHiKeHH METAJIEBUX HAHOTIOPOIIKIB Ta iX BOIEHbCOPOIIHUX
BJIACTMBOCTEM, 30KpeMa iHAMBiAyabHUX KOMIIOHEHTIB Ta criasiB B cucteMax Ni-Co ta Ni-Co-Al ta nosimeTaneBux
HaHocucTeM Ha ocHOBi d-enemeHTiB (Fe, Co, Ni), 1[0 arpo60BaHi K KaTasi3aTopu ripoJli3HOro reHepyBaHHs
BOJIHIO 3 60pOrigpuay HATPilo Ta KOMIIO3UTIB Ha OCHOBI MiIpuy MarHiio. Briepiue rokasaHo HasiBHICTb copOLii
BOJHIO 3 ra30Boi (pa3y CUHTE30BAaHUMU MaTepiajlaMy 32 HOPMaJIbHUX YMOB (KiMH. T-pa, TUcK H2 - 1...10 atm).
CTyninb HEBNOPSAKOBAHOCTI (KPUCTANIYHUI~HAHOKPUCTAIYHUI-aMOP(HUI CTaHM) KOPEJIIOE 31 CXUIIBHICTIO 10
HaBONHIOBaHHS. [linTBepIKeHO HASBHICTh €JIeKTPOXiMiYHOi copoOIIii-mecopobiii BogHIO HaHOMaTepialaMyu Ha OCHOBI
Ni ta Co. [TokazaHo 1o3uTUBHUM BIIUB fojaTkiB HaHO-Ni/Co/Fe Ha XapaKTepUCTUKU KOMIIO3UTHUX MI'-
€JIEKTPOZiB. BCTaHOBIJIEHO, 110 HAHOCTPYKTYPOBAHE ITIOKPUTTS Ha TUTAHOBOMY cIiiaBi OT4-1, oTprMaHe BaKyyMHO-
IyroBUM HaIMJIEHHSIM 3 MileHi Ha ocHoBi MAX ¢a3u (Ti0,98Nb0,02)2A1C, 3a6e3neuye Bucoky (1,22.104 Cm/m)
[IOBEPXHEBY €JIeKTPOIPOBITHICTh B OKUCHEHOMY CTaHi, BUCOKY >kapocTiiikocTs (Dm/S = 0,05 Mr/cm2) i oBepxXHEBY
eJIeKTponpoBinHocTs (s = 1,02.106 Cm /M) 3a Tpusaoi (1000 rog) sutpumku npu 600°C y nositpi. O6IpyHTOBaHO
TEXHOJIOTIYHUI PEKMM HAaHECEHHSI HAHOCTPYKTYPOBAHOIO IIOKPUTTS BAKYYMHO-YTOBAM HallMJIEHHSIM 3 MillleHi Ha
ocHoBi MAX ¢pa3zu Ti2AIC Ha cranb 15X16KSH2MBQAB-1II, 5Ky 3aCTOCOBYIOTb 1J151 TPMOOBY3JIiB aBialliiHUX
ra3oTypO6iHHMX JBUTYHIiB. BCTaHOBJIEHO, 10 TaKe MOKPUTTS 3ab6e3redye 3HMKEHHS IUTOMO] IIBUAKOCTi 3HOLIYBAHHS
W nipu 20 °C B 1,5 pasu, nipu 500 °C - y 2 pasy, a TakoxX NifBulleHHs onopy pperunr-sromi npu 20 oC B 4,8 pasu.
Tpubosoriyni XapakKTepuCTUKU LbOro NOKPUTTS Ha 30...50 % Kpallli NOPiBHSIHO 3 TPAAULIITHO BUKOPUCTOBYBAaHNUM

nokputtaMm TiN.

ComniannbHO-eKOHOMIYHA cripsiMoBaHicTh HTII: Possurok BiTansHaHOi eHepreTnky, 060pOHHA

[IPOMHUCJIOBICTb.

Bnsiue HTII Ha mOBKiJIs:
BnposapaskeHHst HTII: Briposamkeno
ITpakTHyHa peasnisanis HTII

IToyaToK eramy: 01.2024
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