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Pedepar:

1. Incepraruiiina po60oTa IpucBsYeHa po3poodlii METOIiB CUHTe3y: Tepmopo3iupenoro rpadiry (TPI') Bucokoi
4YUCTOTH (BMICT ByrJieno 6inbiie 99,75% mac.) i3 ¢potaliifiHo 36araueHoro rpadiry (Bmict Byriero 94% mac.),
komno3uiiinux cucrem TPI'-Byrieuesi HaHOTPYy6KHU (TPT'-BHT) Ha OCHOBI B'SKY40ro (BOGHOTO PO3YMHY
akpusioBoro comnosimepy 3 [TAP eTokcunary i307e1nioBoro ciiupry) i 6e3 B'sKydux peuoBHH, OKUCHUM
mopudikyBaHHsIM BHT i1 iHTepKanioBaHHSM IPUPOAHOTO rpadiTy KOHLIEHTPOBaHOIO CYJIb(ATHOIO KUCJIOTOIO;
HEINEePEPBHOIO CUHTE3Y HaHOYACTUHOK rpadeny (HUI') Ta komnosuuiit HUI'-BHT aHogHUM OKMCHEHHSIM (OJIbru
TPI' Ta cucremu TPI'-BHT 6€3 B'sKy40ro B €160 Jy>KHOMY €JIEKTPOJIITI B PETYJIbOBAHUX PEXKMUMAX, [JIs1 CYTTEBOTO

3/le1eBJIeHHs! IPOLIeCY OfiepKaHHS ePeKTUBHUX 3HOCOCTIMKUX YINiJIbHIOIYUX MaTepiaiiB i3 Bucokouucroro TPT,



crifikux cycnensit HUTI' i HUT'- BHT, gk e(eKTUBHUX HANlOBHIOBAYiB N10JIIMEPHUX MaTepiajliB, OCHOBU BUCOKO
TEIJIONPOBIHYUX IIJIIBOK, X ONTHMI3alii 32 CK/IailoM i BMiCTOM, 3'sICYBaHHIO [IPUPOAU B3aEMOJ il 4aCTKOBO
OKMCHEHMX rpad)€HOBUX IJIOIMH MiXK COO0I0 Ta OYMIIAI0YMMU peareHTaMmu. EKcriepruMeHTanibHO MOKa3aHo, 1o
00’eIHaHHS B OJIVH IIPOLIEC CUHTE3Yy OKUCHEHOro rpadiry (iHTepkasnoBaHHs rpadiTy aHOAHOK 06pOOKOIO B
KOHLIEHTPOBAHi CcyJb(aTHiNl KUCTIOTi a60 pO3YMHOM 6iXpOMaTy KaJlilo B KOHLEHTPOBaHil Ccysb(aTHiil KUCTIOTI, 3
[IO/IQ/IBIINM TiZIpOJIi30M), i XiMiYHY OYMCTKY 3 BUKOPHUCTAHHSIM SIK OUMIIAIOYUX peareHTiB po3ynHiB 6idpropuny
aMOHIIO B cy/bQaTHIll KUCIIOTi Ta TpUIOHY b B y>kHOMY 6y(epi, L03BOJIsSIE OfepKaTU TEPMOPO3LIMPEHU rpadiTt
BHCOKOI YHMCTOTH, 3 BMiCTOM ByrJjieno 6inpime 99,75% mac. Metogamu peHTreHo¢a30Boro aHamisy Ta
TepMOrpaBiMeTpii I0Ka3aHo, 1110 B3aeMO/Iisi OKUCHEHOTO rpadiTy (3a/MIIKOBO]I CIIONYKY iHTepKatoBaHHS rpadiTy
Cy/b(GaTHOIO KMCJIOTOI0) 3 OUMIAIYMMU PEAareHTaMy He 3MEHIIY€ 3[JaTHICTh 10 PO3MMPEHHS. BennynHa BTpatu
MacCH OKMCHEHOro rpairy 3a pi3HUMHU BapiaHTaMU XiMi4HOI JOOUYUCTKYU 1 TeMIIEpATypPHUI iHTEPBaJ TaKOi BTpaTu
3aJIMIIAIOTHCS [IPAKTUYHO HE3MiHHUMU. BBeeHHs npy>kHOi KomioHeHTH BHT 1o ckiamy KOMIIO3ULITHOTO
marepiany TPI'-BHT sik 3 BUKOpHCTaHHSIM B'sDKy4yoro (nucnepcist BHT y BogHOMY po3urHi aKkpUIOBOT'O COIOJIIMEPY
3 €TOKCUJIATOM 130,€LIMJIOBOTO CIIMPTY, TaK 3BAHOTO «KJIEIO MTOCTIMHOI JIMIIKOCTI», BiZI[TOBiZHO 4O TEXHOJIOTI4HOTO
persaMeHTy BUPOOHHULITBA HAOUBKHU), TaK i CIiJIbBHUM OKMCHEHHSIM ITpupogHoro rpadity 3 BHT anogHO0 06po6KOI0
a60 XiM{YHUM OKMCHEHHSIM PO3YMHOM OiXpOMaTy KaJiio B KOHLEHTPOBaHil cyabdaTHil KUCJIOTI B KibKOCTsX Bif 0,1
10 1,0 % mac. 36isblllye MeXaHiuHi XapaKTepUCTHKH, a CaMe BiJHOBJIIOBaHICTb Ha 18-38 %, a 3 ypaxyBaHHIM
3MEHIIEHHS 3HOCY 30i/IbLIye TEPMiHM €KCIUTyaTallii yiliIbHeHb Maike BBidi. PO3po6seHo croci6
€JIEKTPOXiMIiYHOTO CUHTE3y HAaHOYACTHMHOK rpadeny abo komnosuuint HUI'-BHT, 110 BKiIIOYae nepemiueHHs
KEPOBAaHUM MeXaHiYHUM IPU- CTPOeM 3i mBuKicTio 0,5 - 3,0 cM/TOJMHY CTPIUKY i3 apMOBAHOI CKJISITHUM
BOJIOKHOM osibru TPT abo gosnbru BHT-HYT, sxa € aHO0M, 4epe3 BaHHY 3 PO3YMHOM €JIEKTPOJIITY (KasIii
TriIpoKCcUay), PO3aieHOI0 MEMOPAHOIO HA AHOJHUI Ta KaTOLHUI NPOCTIp, 3 HAIIPY>KEHICTIO €JIeKTPUYHOTrO N0JIs 2 —
30 B/cM, eseKTpoJliTUYHe po3lapyBaHHs rpadiToBoi cTpiuku. LIIBUIKICTh pyXy pO3UMHY €JIeKTPOJITY KaJliii
ripOKCULY PETYJII0I0Th, KOHTPOJIIOIOYM ONTHYHY rycTuHy cycnensii HUI' abo HUI'-BHT, o yTBopioeTbcs. Criocio
IO3BOJISIE peaslizyBaTy JBOPiBHEBY CUCTEMY KEPYBaHHs po3mipamu (ToBmyHa Ta mioma) HUT abo HYI'-BHT 3
BUKOPUCTAHHSM B SIKOCTi IIpeKypcopy wiisbHuX matepianis 3 TPI' a6o TPI'-BHT (3 napameTpamu CTPYKTYpH, SIKi
PETryJII0IOTHCS) Ta AHOLHOTO OKUCHEHHS 3 MEMOPaHHOIO CeMnapalli€lo, yrpaBliHHIM PEXUMaMU [TPOLECY
(koHLIeHTpAaLlis, LBUAKICTb, TyCTUHA CTPYMY, 4ac). MeToilaMmy KBaHTOBOXiMIYHMX PO3PaXyHKiB IIPOBEAEHNX 32
nonomoroto nporpamu GAMESS (US) metogom Teopii pyHkuioHana ryctunu (DFT) 3 pyHkuioHanom B3LYP i
6asucHuM HabopoM 6-31G(d,p) 3 BpaxyBaHHSIM AuCHEPCiiiHOI nonpaBku ['pimme - D3 B Meskax MOJISIpU3aLiiHOro
KOHTUHYyMYy PCM 06y 3's1coBaHi fiesiKi reoMeTpUYHi Ta €HEePreTUYHi IapamMmeTpy 00'€KTiB, 0 PO3IJISLATUC.
Ki11040Bi c10Ba: CIIOYKU iHTEPKAJIIOBAHHS rpadiTy, TEpMOPO3MKPEHU rpadiT, TEpMOTrpaBiMeTpisl, pPEHTT€HiBChbKa

InudpaxLis, BiIHOBIIOBAHICTb, HAHOYACTKM rpadeHy, MeTo/1 (PYyHKIiOHaIy I'yCTUHHU, KJIaCTepHE HaOIVKEHHS.

2. The dissertation is devoted to the development of methods for the synthesis of: thermally expanded graphite
(EG) of high purity (carbon content more than 99.75% wt.) from flotation-enriched graphite (carbon content 94%
wt.), composite systems EG-carbon nanotubes (EG-CNT ) based on a binder (aqueous solution of acrylic
copolymer with isodecyl alcohol ethoxylate surfactant) and without binders by oxidized modification of CNTs and
intercalation of natural graphite with concentrated sulfuric acid; continuous synthesis of graphene nanoparticles
(GNP) and GNT-CNT compositions by anodic oxidation of EG foil and EG-CNT system without a binder in a
weakly alkaline electrolyte in regulated regimes, to significantly reduce the cost of the process of obtaining
effective wear-resistant sealing materials from high-purity EG, stable suspensions of GNT and GNP-CNT, as
effective fillers of polymeric materials, the basis of highly thermally conductive films, their optimization in terms of
composition and content, elucidation of the nature of the interaction of partially oxidized graphene planes
between themselves and cleaning reagents. It has been experimentally shown that the combination into one
process of the synthesis of oxidized graphite (intercalation of graphite by anodic treatment in concentrated
sulfuric acid or a solution of potassium dichromate in concentrated sulfuric acid, followed by hydrolysis), and
chemical cleaning using as cleaning reagents solutions of ammonium bifluoride in sulfate or hydrochloric acid and
trilon B in an alkaline buffer, allows to obtain thermally expanded graphite of high purity, with a carbon content of



more than 99.75% wt. The methods of X-ray phase analysis and thermogravimetry show that the interaction of
oxidized graphite (a residual compound of intercalation of graphite with sulfuric acid) with cleaning reagents does
not reduce the ability to expand. The magnitude of the mass loss of oxidized graphite according to various variants
of chemical post-cleaning and the temperature range of such loss remain practically unchanged. Adding of the
elastic CNT component into the composition of the EG-CNT composite material both with the use of a binder
(CNT dispersion in an aqueous solution of an acrylic copolymer with isodecyl alcohol ethoxylate, the so-called
"permanent stickiness glue", in accordance with the technological regulations for the production of stuffing), and
joint oxidation natural graphite with CNT by anodic treatment or chemical oxidation with a solution of potassium
dichromate in concentrated sulfuric acid in quantities from 0.1 to 1.0% wt. increases the mechanical
characteristics, namely the recoverability by 18 - 38%, and taking into account the reduction of wear, it increases
the service life of the seals by almost two times. A method of electrochemical synthesis of graphene nanoparticles
or GNP-CNT composites has been developed, which involves moving with a controlled mechanical device at a
speed of 0.5-3.0 cm/hour a tape with glass fiber-reinforced EG foil or a EG-CNT foil, which is the anode, through
a bath of electrolyte solution (potassium hydroxide), separated by a membrane into anodic and cathodic space,
with an electric field strength of 2-30 V /cm, electrolytic delamination of the graphite tape. The speed of
movement of the potassium hydroxide electrolyte solution is regulated by controlling the optical density of the
resulting suspension of GNP or GNP-CNT. The method makes it possible to implement a two-level system for
controlling the dimensions (thickness and area) of GNP or GNP-CNT using as a precursor dense materials from EG
or EG-CNT (with adjustable structure parameters) and anodic oxidation with membrane separation, control of
process modes (concentration, speed, current density, time). Using the methods of quantum chemical calculations
carried out using the GAMESS program (US) using the density functional theory (DFT) method with the B3LYP
functional and the 6-31G(d,p) basis set, taking into account the Grimme D3 dispersion correction within the PCM
polarization continuum, were found some geometric and energetical parametrs. Keywords: graphite intercalation
compounds, expanded graphite, thermo-gravimetry, X-ray diffraction, recoverability, graphene nanoparticles,
density functional method, cluster approximation.
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