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SCOPE new concept: H / gzc?rodes
: : : novel thin-film capacitors with
development of effective storage modules for sustainable energies 0-3 composite dielectric: atrix ‘ s o VN ‘ metal oxide
@ o © O ‘%/ ne_mopart!cle
. . nanoparticles of perovskites with \ with coating
) Palg[]cehnaerrgir)wl C/ldeigsc':]'grs 4 ovles specific surfactants embedded in H \
- robust, n?) a%ing, higr?ef%ici)éncy organic or inorganic matrix InS cotmjpeiiz
. . ——p combine the electrical advantages of ceramics and matrix (glasses/polymers):
— overcoming the disadvantages of (high permittivities and breakdown voltages)
batteries
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MATERIALS AND METHODS example: barium itanate methods:
materials: ferroelectric material with high - phase composition: x-ray diffraction (Bruker D8)
' permittivity (> 2000), at T < 120 °C: 3
nanoparticles: perovskite-like metal oxides (~100 nm) (EirEgeEl dl_storted modification > imafpielegs [SSI=bl (Flljps AL el RS @) 12147)
of the perovskite structure | | | | | |
BaTiO, (barium titanate) | - dielectric properties: dielectric spectroscopy (Agilent 4248A )
Ba(Ti.Ge)O,  (mixed oxide) ) LoEliliin -
ZHEE)C, . . ¢ titan physics:
CaCu,Ti,O,, (calcium copper titanate) * oxygen
energy density: P :lsoe,,Eka - high permittivity
synthesis methods: sol-gel, Pechini, oxalate, mixed oxide 2 - high breakdown field strength
- thin films, large areas
coatings: Al,O,/MgO (91.5:8.5 mass%) * | c _¢
E-glass (SiO,, ALLO,,MgO, CaO, B,O,with 54:14:4.5:17.5:10 mass%) complex dielectric function: e (0)=¢'(0)-ie"(0w)=¢, + lliwf:
BS-glass (B,O,, SiO, with 68:32 mol%) i J
2 (@)= Z(®) &, A
coating procedures: precipitation, spray drying complex conductivity: ¢ (o) = iog& " (©) - f-Z(®) g -
/
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RESULTS

BaTiO, and Ba(Ti,Ge)O,in inorganic (glass) matrix

XRD: pure phase composition for uncoated BaTiO, powders and BaTiO, powders coated with E-glass,
minor phase of BaAl,O, for BaTiO, powder with Al,O.,/MgO-coating (reaction of BaTiO, and Al,O,/MgO)

morphology

uncoated, fine milled with E-glass / precipitation
(T,=1400 °C, 1-5 um) (T,=1300 °C, 0.5-5 pm)

complex dielectric function
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ESEM pictures of sintered BaTiO, powders,
(a) with Al,O,/MgO coating (T.=1250 °C)
(b) with E-glass coating (T.=1300 °C)

(both via precipitation)

with E-glass / spray drying
(T,=1250 °C, 0.3-1 pm)

—=— uncoated, T_=1400°C

10001 —e—Eglass, T=1350°C | -

s ALO/MgO, T=1270 °C
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- best layer quality and dielectric data for E-glass coating and spray drying
- influence of sintering additive germanium remains vague
- coating influences relaxation mechanisms /
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ESEM pictures of
powder samples of
BaTiO,with 1 mol%

BaO excess

ESEM pictures of sintered samples of
BaTiO,prepared via mixed oxide method

with different coating methods

dielectric properties for BaTiO, with 1 mol%

BaO excess and different surface coatings
(squares: without coating, circles: E-glass,
triangles: Al,O,/MgO)

dielectric properties for BaTiO, and Ba(Ti,Ge)O,,

with and without 1 mol% BaO excess,
(all samples prepared via mixed oxide
method and sintered at T,.=1400 °C)

CaCu.Ti,O,, in inorganic (glass) matrix

XRD
composition checked, particle size ~85 nm

without coating with E-glass coating

complex dielectric function
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solid symbols: 1-step sintering process (8 h @ 1000 °C)
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hollow symbols: 2-step sintering process (3 h @ 900 °C and 4 h @ 1000 °C)

: - higher permittivities and losses for coated material
- coating influences relaxation mechanisms
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ESEM pictures of
sintered samples
of CaCu,Ti,O,,

T.=1100 °C

dielectric data for
coated (blue lines)
and uncoated

(red lines)
CaCu,Ti,O,,
sintered samples

" DISCUSSION

BaTiO,, Ba(Ti,Ge)O,: - large data range of permittivity
- only direct current conductivity

esp. CaCu,T1,0,,)

. capacitors

field strengths necessary

CaCu,Ti,O,,: - huge data range of some of the CaCu,Ti,O,, samples

- also alternating current conductivity (electrode polarization
effects, common for conductive samples and

- strong influence of synthesis method, coating material
and sintering method on the dielectric properties of the

- optimization of both permittivity and electrical breakdown
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