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1. 3akoHOMipHOCTI GOPMYyBaHHS CTPYKTYPH, MEXaHIYHUX Ta €JIEKTPOXIMIYHUX BacTuBOCTel aHony Ni-ZrO2
KEpaMiyHOi I1aJIMBHOI KOMIPKU

2. The regularities of structure formation, mechanical behavior and electrochemical properties of Ni-ZrO2 anode
for solid oxide fuel cell

Pedepar:

1. MeTo10 pobOTH € BCTAaHOBJIEHHS 3aKOHOMIpHOCTEeN (OPMYyBaHHS CTPYKTYPH Ta BjlacTUBOCTel aHony Ni-ZrO2(c)
KepaMiyHOi [1aJInBHOi KOMipKM, BUTOTOBJIEHOTO Ha OCHOBI Pi3HUX 3@ CBOIMU BJIACTUBOCTSIMU NOPOLIKiB ZrO2(c),
iXHBOI €BOJIIOLIi] y IIPOLEC] BifHOBJIEHHS-OKMCHEHHS Ni Ta BOOCKOHAJIEHHS CTPYKTYPH i BJIaCTUBOCTEV aHOLY.
O6'eKT IOCIIIIPKEHHS - 3aKOHOMIPHOCTI 3B'13Ky MiXK OCOGJIMBOCTSIMU CTPYKTYPH Ta BJIACTUBOCTSIMU aHO[iB Ni-
ZrO2(c) kepamiyHOi aJIMBHOI KOMipKY, BUTOTOBJIEHHNX 33 Pi3HUMU pPe’KMMaMU Ha OCHOBI NOPOIIKiB ZrO2(c),
Pi3HUX 3a arJIOMEPOBaHICTIO i MOpdoJiorielo. Biepie B HAyKOBil IPaKTULli, HA OCHOBi CUCTEMAaTUYHUX OOCJIiKEHb
IIPOAHAi30BaHO 3B'SI30K MiXK CTPYKTYPOIO Ta BiacTUBOCTIMU aHoay Ni-ZrO2(c), BUTOTOBJIEHOTO Ha OCHOBI pi3HNX
3a arJIoMepoBaHicTIo i MOpdoJIorieto NOPOLIKIB cTadisnizoBaHOro y Ky6iuHiil (pasi miokcuny nupKoHito (nasni ZrO2(c)),



Ta iX €BOJIOLII B IPOLEC] BiIHOBJIEHHSI-OKUCHEHHS Ni. BCTaHOBJIEHO Ta MOSICHEHO BILUIVMB KOMIUIEKCY BJIACTUBOCTEN
nopouky ZrO2(c) (po3mip, MopdoJiorist arjmoMeparis, po3Mip epBUHHUX YaCTUHOK) Ha GOPMYBaHHS CTPYKTYPH
aHogy. [Ipu bOMY BCTAHOBJIEHO, 1110 NIOPOIIOK ZrO2(c), arjioMepoBaHui i3 piBHOBICHMX HAHOPO3MIPHUX YaCTUHOK Y
IIOPIBHSIHO "M'SIKi" arJioMepary, € HalKpamuMm 111 3a0e31e4eHHsT HeOOXiHOI BUCOKOIIOPUCTOI CTPYKTYPU aHOLY, 3
BUCOKMMMU (Di3MKO-MEXaHIYHUMU BJIACTUBOCTSIMU. BCTaHOBJIEHO BIUIUB LIMKJIIOBAHHS "BifHOBIEHHSA-OKUCHEHHS Ni"
Ha CTpPyKTypoyTBopeHHs aHoay Ni-ZrO2(c), a came, BUI03MiHy HikeseBoi (azy, sika IepeTBOPIOETHCS B TYOKY i
30isbl1ye CBill 00'eM. Lle rokpaliye 3B'13HICTh Mi’K YaCTUHKAaMU BiIHOBJIEHOTO HIiKeJIIO Y CTPYKTYPi aHO#Yy, 110
3abesrnevyye ogHOYaCHe 30iIbLUIEHHS I0r0 eJIeKTPUYHOI IPOBIIHOCTI i MilfHOCTI. [IpoBeieHO oNnTHUMI3aLlil0 CTPYKTYpU
aHOJy Yyepes 3aCTOCYyBaHHS KapKaCHOI KOHIEINIii aHoxy, Ipu sIKiit MittHui nopuctuii ZrO2(c)-KapKac IpoCOYyeThCS
PO34YMHOM COJIi HiTpaTy HiKeJIo 3 oalbIUM BifHOBJIEHHM ii o Ni. Taka MmeTozuKa 3abe3rnedye aHOgHOMY
kepmerty Ni-ZrO2(c) mingnicts nopsigky 130 MIla nicss BinHoBeHHs NiO i onTuManbHANA PO3MOAia TPhOX (Pas:
ZrO2(c), Ni i nop, 10 icTOTHO NoKpallye cTabinbHICTh aHOAY. PesynpTaTu gucepTauiiiHoi po60TH OTpUMaNu
IiATPUMKY i BUCOKY OL[iHKY HAayKOBLIiB 3apy0iKHUX AocinHuX 1eHTpiB Himeuunnu (Dr. Robert Steinberger-
Wilckens, Forschungszentrum Julich) i CIIIA (Alevtina Smirnova, PhD Assistant Professor, Department of
Chemistry, South Dakota School of Mines and Technology). Lli HaykoBLi 6y KepiBHUKaMU Mi>KHaPOJHUX
HAyKOBO-ZOCJIiTHUX MTPOEKTIB, CIIPSIMOBAHMX HAa PO3POOKY i BLOCKOHAJIEHHS KepaMiyHUX MaJIMBHUX KOMIipOK, B

pPaMKax sIKMX OyJla BUKOHaHa 4acTUHA OCiI>)KeHb JaHOi JucepTalifiHoi poOboTH.

2. The aim of the work is to establish the regularities of structure formation and properties of Ni-ZrO2(c) anode for
solid oxide fuel cell, made of powders ZrO2(c) with different properties, their evolution during the reduction and
oxidation processes of Ni and improving the structure and properties of the anode. The object of the work is the
regularities of the relationship between structure and properties of Ni- ZrO2(c) anode for solid oxide fuel cell,
made by different regimes from ZrO2(c) powders with different agglomeration and morphology. For the first time
in scientific practice, based on the systematic study, relationship between structure and properties of Ni-ZrO2(c)
anode made of stabilized in the cubic phase of zirconia powders (ZrO2(c)) with different agglomeration and
morphology, and their evolution during the reduction and oxidation processes of Ni is established. The influence of
a complex properties of ZrO2(c) powder (size, morphology of agglomerates, size of primary particles) on structure
of anode are identified and explained. It was found that the powder ZrO2(c), agglomerated in a relatively "soft"
agglomerates of nano-sized particles, is the best to provide the necessary highly porous structure of anode with
high physical-mechanical properties. The influence of the redox cycling on Ni-ZrO2(c) anode structure, namely,
modification of the nickel phase, which transforms it into a sponge and increases its volume. This improves the
connectivity between the particles of reduced nickel in anode structure, which provides a simultaneous increase
of its electrical conductivity and strength. Structure of anode is optimized via the use of the framing anode
concept, in which the porous ZrO2(c) frame impregnated with nickel nitrate salt solution followed by Ni reduction.
This method provides the Ni-ZrO2(c) anode cermet strength around 130 MPa after the Ni reduction and optimal
distribution of three phases: ZrO2(c), Ni and porosity, which improves stability of the anode significantly. The
thesis has received the support and high value by foreign scientists from research centers in Germany (Dr. Robert
Steinberger-Wilckens, Forschungszentrum Julich) and U.S.A. (Alevtina Smirnova, PhD Assistant Professor,
Department of Chemistry, South Dakota School of Mines and Technology). These scientists were as directors of
international scientific research projects aimed on development and improvement of solid oxide fuel cells, in
which some part of the researches of this thesis was done.
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