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1. CTpykTypa Ta eJ1eKTpOXiMiuHi BJIaCTMBOCTI KOMIIO3UTIB ripOKCHU], HIKeJI0 / BiIHOBJIEHUN OKCUJ rpadeHy.

2. The structure and electrochemical properties of nickel hydroxide / reduced graphene oxide composite

materials.

Pedepar:

1. Y po6ori 3milicHeHO cuHTe3 okcuny rpadeHy merogaMu Xamepca i MapkaHo-Toypa Ta BiHOBJIEHOr0 XiMiYHUM
METOJIOM OKCHUIY rpadeHy 3 MeTOIO IOPiBHSHHS iX CTPYKTYPHO-MOP(OJIOTiUHUX Ta €JIEKTPUYHUX BIACTUBOCTEN.3a
IOTIOMOTOIO YJIbTPa3ByKOBOTO OUCIIEPTyBaHHS OTPUMAHO KOMIIO3UTHI MaTepias Ha OCHOBI ripoTepMasbHO
CHMHTE30BaHOTO TiIPOKCUIY HiKeJIIO Ta BiIHOBJIEHOTO OKCUy rpadeHy Mpu pi3BHOMY MaCOBOMY CIiBBiJHOLIEHHI
KOMITIOHEHT. JlocikeHo BB rpa)eHOBOi KOMIIOHEHTU Ha eJIeKTPUYHI Ta eJIeKTPOXiMiuHi BIaCTUBOCTI
oTpumaHoro marepiany.ChopmoBaHi esekTpoau Ha ocHOBi kommo3uty 0-Ni(OH)2 /BOT(X) xapakTepu3yoTbCs
MaKCHMAaJIbHOIO MUTOMOIO eMHicTIO 513 @-r-1 npu mBuaxocTi ckanyBaHHs 0,5 MB-c-1. MakcumasbHe 3HaY€HHS
nutomoi eHeprii st 0-Ni(OH)2 /BOT'(X) ctaHoBuTh 17 Br-rog-kr-1 npu nutomiii noryxsocti 20 Br-kr-1.



ExcriepuMeHTa/IbHO HiATBEPIKEHO, WO A1s eneKTpoxis 3 0-Ni(OH)2 /BOI(X) nuTomMa eMHICTb CKJIAQHAEThCA i3
€MHOCTI IOJIBIHOTO €JIEKTPUYHOrO Iapy Ta IICEBIOEMHOCTI i3 Bkyanom 91 %. 3HaueHHs KoedilieHTa
€JIEKTPO—~CTHU~MYJIbOBaHOI nu@ysii nporoHis 1151 0-Ni(OH)2 /BOI'(X) cranosuts 1,69-10-12 cm2-c-1. AHani3
€JIEKTPOXiMIYHMX BJIACTUBOCTEN KOMII03UTHOro Matepiany 0-Ni(OH)2 /BOT'(MT) npu MacoBOMy CIiBBiJHOIIEHHI
KOMIIOHEHT 2:1, 1:1, 1:2 nokasas, 110 HaBUIM 3HAYEHHSIM €MHOCTI BOJIOJII€ €JIEKTPOL, HA OCHOBI KOMIIO3UTHOIO
marepiasny 3 HallMEHIIIOI0 MacOBOIO YacTKO rpadpeHoBoi KoMmioHeHTH (145 @-r-1 npu WBUAKOCTI CKaHYBaHHS
norexuiany 0,5 MB-c-1).

2. In the paper, graphene oxide has been synthesized by the Hummers and Marcano-Tour methods with
subsequent chemical reduction. The comparison of structural, morphological and electrical pro-per-ties of the
obtained graphene oxide and reduced graphene oxide have been done. It has been found that RGO(H), which is
characterized by a large number of structural defects, is formed from lame-llar pa-rticles with sizes of D = 15-35
nm, and RGO(MT) consists of randomly aggregated gra-phene packages (thick-ness of 12 nm) that form
mesoporous 3D-network. The electrical conductivity of both RGO samp-les is due to charge migration in
graphene fragments and charge transfer between lay-ers of gra-phene packages. The obtained different values of
the activation energy of RGO(H) and RGO(MT) - 0.60-0.70 eV and 0.06-0.08 eV, respectively, are the result of
morphological differences bet-ween the samples.The composite materials based on hydrotermally synthesized
nickel hydroxide and reduced graphene oxide have been obtained by ultrasonic dispersion. It has been established
that ultrasonic dispersion leads to the introduction of graphene fragments into the interlayer space of o-
Ni(OH)2.The influence of the graphene component on the electrical and electrochemical properties of the o-
Ni(OH)2 /RGO composite material has been investigated. For composites based on o-Ni(OH)2 and redu-ced
graphene oxide synthesized according to Hummers and Marcano-Tour protocol (particle size in both cases is up
to 13 nm at crystallographic orientation (001)) at temperatures < 100°C and low fre~-quencies the protonic
conductivity is predominant, while the effect of the conductivity of the graphene compo-nent increases at higher
temperatures and frequencies.For a sample of an electrode based on o-Ni(OH)2 /RGO(H) composite material, the
maxi~-mum obtai-ned specific capacitance according to the cyclic voltammetry is 513 Feg-1 at 0.5 mVes-1, and in
galva—-nostatic measurements of 494 Feg-1 at 0.08 Aeg-1. The maximum specific energy is about 17 Wehokg-1 with a
specific power of about 20 Wekg-1. It has been confirmed experimentally that for electrodes based on o-Ni(OH)2 /
RGO(H), the specific capacitance consists of double layer capacitance and pseudo-capa-citance with a
contribution of 91 %. The value of the coefficient of electrostimulated protonic diffu-sion at a zero bias potential
for o-Ni(OH)2 / RGO(H) of 1.6910-12 cm2es-1.The influence of the graphene component on the electrochemical
properties of the o-Ni(OH)2 /RGO(MT) composite material has been investigated. For o-Ni(OH)2 /RGO(MT)
composite with a mass ratio of components 1:2, the activation energy is 0.06 eV, which corresponds to the best
ele-ctrical conductivity of the composite material. The highest value of specific for electrodes based on o-
Ni(OH)2 /RGO(MT) has been observed for a composite material with a component ratio of 2:1 - 145 Feg-lat a
potential scan rate of 0.5 mVes-1.
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