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1. CuHTE3 Ta JOCIIII)KEHHS BYTIJleLb-ByIIeleBUX HAHOKOMIIO3ULIITHMX MaTepiajiB Ha OCHOBi TEPMOPO3LIMPEHOTO
rpa@iry Ta ByrjieLeBux HaHOTPYyOOK

2. Synthesis, physicochemical properties and application of carboncarbon nanocomposites based on natural
graphite and carbon nanotubes

Pedepar:

1. Inceprarniiina po60Ta IpUCBIYeHa PO3po0OLi METOIIB CUHTE3Y: TepMopo3imupenoro rpagiry (TPI') Bucokoi
9uCTOTH (BMiCT ByrJienio 6inbie 99,75% mac.) i3 porauifino 36araueHoro rpadiry (BMict Byryenio 94% mac.),
Komro3uniiiHux cuctem TPI-Byrienesi HaHoTpyOku (TPT'-BHT) Ha 0CHOBI B'sS)Ky40ro (BOAHOTO PO3UUHY
akpuiioBoro conosimepy 3 [TAP eTokcuiary i307€1110BOT0 CIUPTY) i 6€3 B'SKYYMX peYOBHH, OKUCHUM

monu@ikysaHHam BHT i1 iHTepKaIoBaHHSAM NPUPOLHOTO IrpadiTy KOHLIEHTPOBAHOIO CYJIb(ATHOIO KUCJIOTOI;



HEINEePEPBHOIO CUHTE3y HAHOYACTUHOK rpadeny (HYUI') ta komnosuuint HUI'-BHT aHogHUM OKMCHEHHSSIM (OJIbIU
TPI' ta cuctemu TPI'-BHT 6e3 B's5Ky4oro B €200 JIy>KHOMY €JIEKTPOJIITI B peryJIbOBaHUX PEXXUMaX, IJIsl CYTTEBOTO
3/l€1IeBJIEHHS IPOLIeCY OflepKaHHs e(PeKTUBHUX 3HOCOCTIMKUX YIIiJIbHIOIYUX MaTepiaiis i3 Bucokouucroro TPT,
criikux cycnensit HUT' i HUT'- BHT, gk e(peKTUBHUX HAllOBHIOBAYiB [10JIiIMEPHUX MaTepiajliB, OCHOBU BUCOKO
TEIJIONPOBIIHYX IIJIIBOK, iX ONTHMI3alii 32 CK/IaioM i BMiCTOM, 3'SICYBaHHIO IIPUPOAU B3aEMOJ il YJaCTKOBO
OKMCHEHMX rpad)€HOBUX IJIOIMH MiX COO0I0 Ta OYMIIAI0YMMU peareHTaMmu. EkcriepruMeHTanbHO MOKa3aHo, 1o
00'eJTHaHHS B OJIMH MPOLIEC CUHTE3y OKMCHEHOro rpadiry (iHTepkasnoBaHHs rpadiTy aHOJHO0 06pPOOKOIO B
KOHLIEHTPOBaHIl CyJ/b(aTHIN KUCJIO0Ti 460 pO3YMHOM 6iXpOMaTy Kajlilo B KOHLIEHTPOBAaHI CyJlb(aTHIl KUCIIOTI, 3
[I0IA/IBIINM TiPOJIi30M), i XiMiYHY OYMCTKY 3 BUKOPHUCTAHHSIM SIK OUMIIAIOYMX peareHTiB po3yuHiB 6idpropuny
aMOHII0 B cysbgaTHill KUCIOTi Ta TpuoHy b B yxkHOMY 6y(pepi, #03BOJIsSIE OfepKaTU TEPMOPO3LIMPEHUI rpadiTt
BUCOKOI UNCTOTH, 3 BMICTOM ByrJlelto 6isbiie 99,75% mac. MeTogamu peHTreHopa3oBOro aHalidy Ta
TepMOrpaBiMeTpii MoKa3aHo, 10 B3a€MOZisi OKUCHEHOTO rpadiTy (3aIMIIKOBOI CIIOIYKHM iHTePKaIIOBaHHS rpadity
Cy/b(haTHOIO KMCJIOTOI0) 3 OUMIIAIYMMY PEareHTaMy He 3MEHIIY€ 3[aTHICTh 10 PO3MMPEHHS. BennynHa BTpatu
MacH OKMCHEHOro rpadiry 3a pi3HUMU BapiaHTaMU XiMiYHOI JOOUYUCTKY 1 TeMII€paTypHUI iHTEpBaj TaKoi BTpaTu
3aJIMIIAIOTHCS] IPAaKTUYHO HE3MIHHMMU. BBeZieHHs NpyXHOi KoMmnoHeHTH BHT 10 ckyagy KOMNO3ULiMHOTO
marepiany TPI'-BHT sk 3 BUKOprCTaHHSIM B'sDKy4doro (pucnepcis BHT y BogHOMY po3urHi akpUJIOBOTO COIOJTIMEPY
3 €TOKCUJIATOM 130,€LIMJIOBOTO CIIMPTY, TaK 3BAHOTO «KJIEIO MTOCTIMHOI JIMIIKOCTI», BiZI[TOBiZHO O TEXHOJIOT{YHOTO
perjameHTy BUPOOHUIITBA HAOMBKY), TaK i CIiJIbHUM OKMCHEHHSIM NpupoaHoro rpadiry 3 BHT aHogHOI0 06p0o6KOI0
a60 xiMiYHMM OKMCHEHHSIM PO3UYMHOM 6iXpOMaTy KaJlilo B KOHLIEHTPOBaHiil CybQaTHiil KUCIIOTi B KibKOCTAX Bif 0,1
10 1,0 % mac. 36inbllye MeXaHiuHi XapaKTepUCTHKH, a CaMe BiTHOBJIIOBaHICTb Ha 18-38 %, a 3 ypaxyBaHHSIM
3MEHIIEHHS 3HOCY 30i/blIye TEPMiHM €KCIUTyaTallii yiilbHeHb Maike BIBivi. Po3po6seHo croci6
€JIEKTPOXiMIYHOTO CUHTE3y HAHOYACTUHOK rpadeny abo kommnosunin HUI'-BHT, mo BKII04ae nepemileHHs
KEPOBAaHUM MeXaHIYHUM IPU- CTPOeM 3i mBuKicTio 0,5 - 3,0 cM/TOIMHY CTPIUKY i3 apMOBAHOI CKJISTHUM
BOJIOKHOM osibru TP abo gosbru BHT-HYT, sxa € aHO[0M, 4epe3 BaHHY 3 PO3YMHOM €JIEKTPOJIITY (Kasii
rifpoKcuay), po3ineHo0 MEMOPAHOIO Ha aHOJHUI Ta KaTOLHMI MIPOCTIpP, 3 HAIIPY>KEHICTIO €JIEKTPUYHOrO 10J14 2 —
30 B/cMm, enexTposiTiiHe po3imapyBaHHs rpaditoBoi cTpiuku. [IIBUKICTb PyXy pO3YMHY €JIEKTPOJIITY Kasliil
TriIpOKCUIY PETryJllol0Th, KOHTPOJIIOIOYM ONTHYHY rycTuHy cycnensii HUI' abo HUI'-BHT, o yTBopioeThcs. Criocio
I03BOJIsIE peaslizyBaTy JBOPiBHEBY CUCTEMY KEPYBaHHs po3mipamu (ToBmyHa Ta mioma) HUT abo HUYI'-BHT 3
BUKOPUCTAHHSM B SIKOCTi IIpeKypcopy wisbHuX matepianis 3 TP a6o TPI'-BHT (3 napameTpamu CTPYKTYpH, SIKi
PETryJII0IOTHCS) Ta AHOLHOTO OKUCHEHHS 3 MEMOPaHHOIO Cenapalli€lo, yrpaBliHHIM PEXXUMaMU MTPOLECY
(koHLIeHTpAaLlis, BUAKICTb, TyCTUHA CTPYMY, 4ac). MeToiamu KBaHTOBOXiMIYHMX PO3PaXyHKiB IIPOBELEHNX 32
nonomoroto nporpamu GAMESS (US) metomom Teopii pyHKUioHana ryctunu (DFT) 3 pyHkuioHanom B3LYP i
6asucHuM HabopoM 6-31G(d,p) 3 BpaxyBaHHSIM AuCHepCiiiHOI onpaBku ['pimme - D3 B MeskaxX MOJISIpU3aLiiHOrO
KOHTUHYyMYy PCM 6yu 3'sicoBaHi fiesiki reoMeTpuyHi Ta eHepreTUyHi napameTpy 06'€KTiB, [0 pO3TJISIAIUC.
Kii0u0Bi c10Ba: CIIOIyKU iHTEPKAJIIOBAaHHS rpadiTy, TEpMOPO3IMPEHUi rpadiT, TEpMOTrpaBiMeTpisl, pEHTT€HiBChbKa

nudpaxlis, BiIHOBIIOBAHICTb, HAHOYACTKU IrpadeHy, MeTo/1 (PyHKIiOHAIy I'yCTUHU, 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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