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3 - aHIJIICHKOIO MOBOIO
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TepmiHu BUKOHaHHS POOOTH

7553. ITouaTok BukoHauus HIJIKP: 08.2018

7362. 3akinuenns BukoHaHHsa HIJKP: 12.2018

BizomocTi Ipo TeXHOJIOTi10

9027. HazBa TeXHOJIOTii
1 - yKpaiHCHKOIO MOBOIO

CunTes 1BoBUMipHUX MXene marepiasiB Ha 6a3i Ti3AlIC2 mIsIXOM reTeporeHHOro BUPOILyBaHHS BUCOKO-OPi€HTOBAHUX

cybCTpaTiB pU BUKOPUCTAHHI riGpUAHOTO METOAY MarHeTPOHHOTO PO3NUJIEHHS XiMiUHOTO OCafi)KeHHS MapHu.
3 - aHIJIiCbKOIO MOBOIO

A synthesis of two-dimensional MXene materials based on Ti3AIC2 by heterogeneous cultivation of highly-oriented substrates
using a hybrid magnetron sputtering method of chemical vapor deposition is developed.

9125.0nuc TeXHoJIorii

1. MeTa, aJ1st JOCATHEHHS SIKOi pO3PO0JIEHO YH NPUIGaHO TEXHOJIOTiI0
2. OCHOBHA CyTb TE€XHOJIOT1i
3. AHoTOBaHMI 3MiCT

Meta po60Tu noJsirae B po3po61Lii TEXHOJIOTI, sIKa 03BOJIsie OTPUMYBaTU ABOBUMIpHI MXene marepianu Ha 6a3i Ti3AlIC2 msixom
reTepOreHHOr0 BUPOILyBaHHS BUCOKO-OPi€HTOBAHUX IiJIKJIalOK, BUKOPUCTOBYIOUHU TiOPUAHUNA METO], MarHETPOHHOTO
PO3MNMWIEHHS 3a JOIIOMOTOI0 XiMidHOro ocazkeHHs napu (MP XOII). Cyts TexHosorii: [Tossirae y BUKOPUCTaHHI METOZY XiMiYHOTO
0Ca/IKEHHSI Iapy 3 MarHETPOHHUM PO3IIUJIEHHSIM 1151 ofiep>kaHHs (a3 Ti3AlC2 Ha opieHTOBaHOMY CyOCTpaTi, 110 3MYIIye ix
KPUCTaJli3yBaTUCS B IPAaBUJIbHE KPUCTAJIiYHE pO3TalllyBaHHsI. AHOTOBAHMIA 3MiCT: Po3pobieHa TeXHOJIOTis JO3BOJIsIE OTPUMYBATU
nBoBuMipHi Ti3C2 maTepiany 3 BUKOPUCTAHHSM FiOPUAHOTO METOAY XiMIiYHOTO OCaIKEHHs I1apy Ta ByIJIelleBUX CyOCTpaTiB,
nepeBaXHO MeTaHy. [Ipoljec XiMiYHOTro 0Cafl>KEHHS MapiB CYNPOBOIKYEThCSI MArHETPOHHUM po3nuieHHsM Ti i Al 1yist oTpuMaHHs
ix criBBigHOImEHHS B 060s10HL; 3:1. I7151 TpUMyCOBOi KpucTasisalii ocapkeHux HAHOMETPUYHUX 0O0JIOHOK Y SIKOCTi CybCcTpary
BUKODPHCTaHU CUJIBHO OPiEHTOBaHMH MiposiiTudHui rpadit. BusHaueHo, o TaKuil MPoLeC 3aJIeKUTh Bifi TUCKY, TEMIIEPATypHy
Tavacy. JIjst Bupo6eHHs1 HaHOMeTpUYHMX KoMItoHeHTiB Ti3AlC2 o6paHo cepenoBuiLe [JIsl peakllii, SIke JO3BOJIsIE€ BUAIIUTU
TPaBJIEHHSI aTOMiB aJIIOMIHiI0, 10 TPU3BOIUTH 4O PO3MIAPOBYBAHHS 0O0JIOHKYM Ta OTPUMaHHS OguHOYHMX mapis Ti3C2.
[Tpo6nemu, siKi BUPILIyIOTECS: ~-OOMEXKEHHSI CTPYKTYPHUX AedeKTiB Ha eTalli aTloMiHiEBOrO TpaBJeHHS, [0 Mae 6e3rnocepeHii
BILJIMB Ha €JIEKTPUYHI BIaCTUBOCTI CHHTE30BaHUX CUCTEM; ~BUPILIEHHS TPOGIEMU CUHTE3Y CTiMKNX, EKOHOMIYHO e(pEeKTUBHUX i
eHeprosdepirarourx Marepiasis; ~-IIpUAaHHSI CUHTE30BaHUM MaTepiasaM MigBUIIEHNX TOKA3HUKIB TPOBiTHOCTI i BUCOKO]
ONTAYHOI MPO30pocCTi. O3HaKM HOBU3HU: ~OOpPaHHS y SIKOCTi €TaJIOHY [1JIsl TOPiBHSJIbHUX AOCTIIKEHb HAHOMETPUYHOTO PEATEHTY
Ti3AIC2; -nist CMHTE3y MaTepiay 3alpOIIOHOBAaHO BUKOPUCTAHHS CIEliabHOI BAKYYMHOI KamepH, 06J1afiHaHill IBoMa
IDKepeslaMU MarHETPOHY; ~MOANU(PIKOBaHO CUCTEMY >KUBJIEHHS AKEPEJ MJIa3MU MarHETPOHY 3 METOIO MiABULILEHHS BUIKOCTI
peaxiiii Ha JuHaMiYHi 3MiHU BUXiIHMX apaMeTpiB, HEOOXiTHUX J71s1 BADOOHUITBA HAHOIIOPOIKIB 3 BUCOKOIO TOYHICTIO XiMiYHOTO
ckynany. CkuafnoBi TEXHOJIOTIL: ~MarHeTPOH 3 IBOMa JpKepeslaMy KUBJIeHHS; -cyocTparu Ta mimeHi Ti, Al, Ti-Al 3 Bucokoio
YUCTOTOIO (IoHalMeH1Ie 4N); ~-BUCOKOOPi€HTOBAaHMI MipOJIITUYHUI IpadiT 17151 IPOBELEHHS NPOLIECY IPUMYCOBOi OPi€HTOBAHOI
KpucTalisdalii; -HaHomeTpuyuHuil peareHT Ti3AIC2 sk eTanoH 17151 NOPiBHSIBHUX JocaimkeHb 3 Ti3AlIC2, mo BUpobseTbCs

MeTosoM MS CVD Ha BUCOKOOPi€HTOBAaHOMY MipOiITUYHOMY rpadiTi.
4. [Tpo61iemu, sIKi TEXHOJIOTisI Jlae 3MOT'Y BUPillyBaTH

5. O3HaKH HOBH3HH TE€XHOJIOTii

6. CKy1aoBi TEXHOJIOTI1

Omnmuc TeXHOJIOorii aHTJIiHIChKOI0 MOBOIO

The aim of the work is to develop a technology that allows the obtainy two-dimensional MXene materials based on Ti3AIC2 by
heterogeneous growing of high-oriented substrates using the hybrid Magnetron Sputtering Method using the Chemical Vapor
Deposition (CVD). The essence of technology: Involves the use of chemical vapor deposition (CVD) method with magnetron
sputter to obtain Ti3AIC2 phases on the oriented substrate, which causes them to crystallize into a proper crystalline



arrangement. Abstract: The developed technology allows to obtain two-dimensional Ti3C2 materials using the hybrid method of
chemical vapor deposition and carbon substrates, mainly methane. The process of chemical deposition of vapors is accompanied
by magnetron sputtering of Ti and Al to obtain their ratio in the shell of 3: 1. For the forced crystallization of deposited
nanometric membranes as a substrate, strongly oriented pyrolytic graphite is used. It is determined that this process depends
on pressure, temperature and time. For the development of Ti3AlC2nanometric components an environment for the reaction is
selected which allows the etching of aluminum atoms to be distinguished, which results in flaking the shell and obtaining single
layers of Ti3C2. Solved problems: - restriction of structural defects at the stage of aluminum etching, that has a direct influence
on the electrical properties of synthesized systems; - solution of the problem of synthesis of stable, cost-effective and energy-
saving materials; - application of synthesized materials with high conductivity and high optical transparency properties. Signs of
novelty: - Selection as a benchmark for comparative studies of Ti3AlC2 nanometric reagent; - for the synthesis of the material, it
was proposed to use a special vacuum chamber equipped with two sources of a magnetron. - the system of magnetron plasma
supplying sources has been modified in order to increase the reaction speed for the dynamic changes of the initial parameters
necessary for the production of nanopowders with high precision of the chemical composition. Components of the technology: -
magnetron with two power sources; - substrates and targets Ti, Al, Ti-Al with high purity (at least 4N); - highly oriented
pyrolytic graphite for conducting process of forced oriented crystallization; - Ti3AIC2 nanometer reagent as a benchmark for
comparative trials of Ti3AIC2 produced by the CVD method on highly oriented pyrolytic graphite.

9127. TexHi4Hi XapaKTepHCTHKH

1) TexHOJIOTiSI MO3BOJISIE OTPUMYBATH JBOBUMIipHI MaTepiasu MXene Ha ocHOBI Ti3AlC2 msiXoM reTeporeHHOro pocTy Ha
BHMCOKOOPI€EHTOBAHUX MiIK/Ia/IKaX, BUKOPUCTOBYIOUH TiOPUAHMN METO/] XiMiYHOTO OCAIPKEHHS 32 I0IIOMOTroIo napis. 2) [lyis
pearnisanii npouecy BUKOPHUCTOBY€EThCSI MarHETPOHHA YCTaHOBKA. 3) TexHoJIoriyHa 6a3a MpOIeCy MOJsIrae B 0CaIKEHHi
HaHOMeTpu4yHOro MokpuTTs Ti3AlC2 Ha BUCOKOOpi€HTOBaHMI MipOTiTHYHUH rpadiTt. 4) Bu3HaYaeThCs BIUIMB IIapaMeTpiB y
crcTeMi TeMIiepaTypa-THUCK-4ac Ha IPUMYCOBY crienndiuHy Kprcramisanio HaHeceHoro okpuTTs Ti3AIC2. 5) BusHayaeThCst
aTOMHa CTpyKTypa i Mopdororis orpumanux Ti3C2 2D maTepiasnis. 6) BuU3Haual0ThCsI €/1€KTPHYHI BJIACTUBOCTI CUHTE30BaHUX

cucreM 2D-marepiaiB y 3B'SI3KY 3 IX CTPYKTYPOIO, 110 3aJIEXKUTH Bill IapaMETPiB CUHTE3Y.
9128. TexHiKO-€KOHOMIYHHI YH COlliaJIbHHI e(PEKT

OuikyBaHMI €KOHOMIYHMI e(DEeKT BiJ] BIPOBaIKEHHS TEXHOJIOTI], Y TOPiBHSHHI 3 iCHYIOUMMM MeTO/laMU CUHTe3y MXene
MarepiasiB, BpaxOBYIOUi KaMiTalbHi BUTPATU HA BIIPOBAIKEHHS, yTPMMAaHHS NI€PCOHAY, HiJIBAILEHHS MPOAYKTUBHOCTI Ipaijj,
cknagae 11,67 %.

5490. O0'eKTH iHTEJIEKTyaJIbHOI BJIAaCHOCTI
Hemae
9156. OCHOBHIi IlepeBary MOPiBHIHO 3 iICHYIOUHMH TE€XHOJIOTiSIMH

BukopurcTaHHs HaHOMeTPUYHOTO peareHTy Ti3AIC2, sk eTasoHy /s NOPiBHUIbHUX AociinxkeHs 3 Ti3AlC2, 103BosIsie TIPOBOIUTH
CEeJIEKTHBHE TPaBJIEHHS aTOMIB aJIIOMiHIIO, [0 IPU3BOUTH JIO PO3IIAPOBYBAHHS OO0JIOHKU i OTPUMaHHS OJUHUYHUX mapiB Ti3C2.
BukopurcTaHHS criernjaspHOi BaKyyMHOI KaMepH, 06J1aJHaHii ABOMA JIKEpesaMy MarHeTPOHY, IPU3BOAUTD 10 GOPCYBAHHS
npolecy KpucTanizalii HIHeCeHMX HAHOMETPUYHUX 000JIOHOK. 3aCTOCYBaHHSI CUCTEMU TOYHOTO XXUBJIEHHS IPKepel MIa3Mu
MarHeTpoHY Mi/iBUINy€ IBUAKICTb peakuii Ha AMHAMIiYHI 3MiHYM BUXITHUX [TapaMeTPiB, HEOOXIAHUX 17151 BUPOOHUIITBA

HaHOIIOPOLIKIB 3 BUCOKOIO TOYHICTIO XiMiYHOTO CKJIafy.

9155. l'any3s 3acTocyBaHHS

EnexTpoeHepreTuka, eJ1€KTPOMArHiTHUM 3aXUCT, XiMiuHa IPOMUCIIOBICTh
9158. Indopmamnist 00 NOTEHIiHHUX PHHKIB 30yTy TEXHOJIOTI]

EnexTpoeHepreTuyHi MigprueMCTBa, iIHCTUTYTH Ta KOHCTPYKTOPCHKI 6I0PO 3 pO3POOKH [KEPeJI SKUBJIEHHST, HAKOTTMYEHHS

€JIEKTPOEHEPTii Ta CUCTEM €JIEKTPOMAarHiTHOrO 3axXUCTy. YKpaiHa, [Tombia.

9160. Indopmarmnist 00 NOTEHIIHHUX PHHKIB 30yTy NPOAYKILii, BUPO6JI€HOi 3 BUKOPHCTaHHSIM TEXHOJIOTii

Bupo6HuKuY mxepes 6e3nepediliHoro JXUBJIEHHS, BUPOOHUKY CUCTEM €JIEKTPOMAarHiTHOrO 3aXUCTy. YKpaiHa, [Tosbma.

9157. CTyniHb BifIIpaIloBaHHs TEXHOJIOTIi

- SIKIIIO TEXHOJIOTTYHY JOKYMEHTAllil0 pO3pO06JIEHO 3a pe3ysbTaTaMU [IoNepeIHiX BUPOOYBaHb JOCIiAHOro 3pa3ka - 9157,/0
5535. YM0oBH IOMMPEHHs B YKpaiHi

53 - 3a IOTOBiIpHOIO 1IiHOIO

5211. YmoBHu nepezadvi 3apy6i>kKHHUM KpaiHaM



63 - 3a JOrOBipHOIO LIiHOIO
6012. OpieHTOBHA BapTiCTh TEXHOJIOTIi Ta BUTpaT Ha BpoBazykeHHs: 3000 TuC. TpH.
6013. Oco6J1MBi yMOBH BIIPOBaZI>KEHHsI TEXHOJIOTIi

HasBHicTb MarHeTpoHy. Martepianu NoBUHHI 6yTu cyocTpaTamu (B Tomy umcii mimensmuy, Ti, Al, Ti-Al, 3 BUCOKOIO 4ACTOTOIO,
moHaiMeH1e 4N), sIKi CTaHyTb KaTOJaMU B IIpoliecax HaHECEeHHsI IIOKPUTTIB, OOy JOBaHUX 3 BiATIOBiGHUX MaTepianiB. Kpim Toro,
HeOoOXiIHi OCHOBHi eKCIlJlyaTalliliHi MaTepiany (y ToMy YMCJli INAKIIiBKY, NOJipyBa/IbHi MaTepiann). BucokoopieHTOBaHMM
niposniTiyHuii rpadit gk cyoetpat nJ1st nokputts Ti3AlIC2 - HeoOXiaHMIA AJ1 TPOBEIEHHS IIPOLECy IPUMYCOBOi Opi€eHTOBAHOI
Kpucranizauii. HaHomeTpuunuit pearent Ti3AIC2 sk eTasoH 1151 IOPiBHSUIbHUX Aociimkenb 3 Ti3AlIC2, mo BUpobsieTbCst

MeToioM MS CVD Ha BUCOKOOPi€HTOBAaHOMY MipOJiTUYHOMY rpadiTi.

IlizcymKoOBi BiZoMOCTi

5634. Ingekc YIK: 539.18 /.19, 539.233
5616. Kogu TemarnyHux pyopuk HTI: 29.29
6111. KepiBHUK 10puauYHOi ocobu: babaes Bosogumup MukoianioBud

6210. HaykoBuii CTyIiHb, BU€HE 3BaHHS KePiBHUKA IOPHAHYHOI 0COOH:

6120. KepiBauxk HIJKP

1 - yKpaiHCBKOI0 MOBOIO
[Tmorin BnagucnaB €BreHoBUY
2 - QHIJIICHKOIO MOBOIO
Pliuhin Vladyslav

6228. HaykoBHIi CTyniHb, BUeHe 3BaHHs KepiBHuKa HIJIKP:

6140. KepiBHHK cTpyKTypHoOro nigpo3sziny MOH Ykpainu: Yaiika [ap's IOpiiBHa

Tesw.: +38 (044) 287-82-55
Email.: chayka@mon.gov.ua

6142. Peecrparop: [1E/



