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1833 Faraday's Law

1897 ZrO 2 glower (Nernst)

1920 High ionic conduction in αααα-AgI

1933 Diffusion theory of lattice defects

1934 Ion transport mechanism for αααα-AgI

1943 Ionic conduction theory for ZrO2

1962 High temperature fuel cell using ZrO2

1967 ββββ-alumina, Rb Ag4I5

1969 Electro-chromism in WO3

1970 Electric double-layer capacitors (ionistor)

1970 Electrochemical memory devices

1972 Solid state Li battery, memoriode

1976 NASICON 
secondary battery using TiS2

intercalation
1979 High Cu+ conductor

Organic polymer solid-electrolyte
1981 Plastic battery
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In the lattice of α-AgI are d-12, b-6 and h-24 energy positions for 
diffusion of 2 Ag ions.
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a) α-Li3Fe2(PO4)3 Li+ ion map on the (010) plane, b) oxygen window in β
phase on the  (001) plane, c) γ - Li3Fe2(PO4)3 Li+ ion map on the (010) 

plane 

α⇔β T=450K 

β⇔γ T=523K
α fazė-monoklininė (P2/n)

γ fazė-rombinė (Pcan)

β fazė -metastabili



1

1

1′

1′

Ideal lattice Point Frenkel –type defects



The energy relief of of ions in the lattice with the 
point Frenkel –type defects





Nj-concentration of ions

Nv-concentration of vacancies

NF-concentr.of p.Frenkel def.

F-free energy of lattice

GF-Gibbs energy

S-entrophy S=δQ/T

HF-enthalpy  H=TS+pV

P1,P2-probabilities

N

N’-j.tarpmazgiuose;

N-j.mazguose;

P1-j.pasiskirstimo 
tikimybe;

P2-vakansiju pasiskirstymo
tikimybe;

SF=∆Q/T; HF=U+pV.

Stirlingo formulė
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Point Schottky-type defects



F-free energy of the lattice

Nš-concentr. of p.Schottky defects

N-concentration of the ions inttice

T-temperature

P-probability

Gš-Gibbs energy





Synthesis conditions of the 
Li 1+xM xTi 2-x(PO4)3 (where M=Sc, Al, Fe, Y; x=0.3) compounds by a solid phase reaction

Li 2CO3
(purity 99.999%)

Extra pure:
NH4H2PO4,TiO2

,

M2O3

The mixture was placed 
in the ethyl alcohol and 
milled in a planetary 

mill during 8 h

The stoichiometric
mixture was heated 
at T=773K during 

24 h

The mixture was 
placed in the ethyl 
alcohol and milled 

during 12 h

The mixtures with 
Al, Fe, Y were 

heated at T=1173K 
during 1h and 

mixture with Sc was 
heated 1h at 

T=1153K

The powders with 
Al, Fe, Y were 

heated at T=1273K
during 2 h

Cooling down to 
room 

temperature

Milling of the each 
powder in the 
ethyl alcohol 
during 10 h

Drying the 
powder at 

T=393K during 
24 h



Uniaxialy pressing of the 
powder at 300MPa

Heating of the pressed 
samples up to T=673K 

with the velocity of 
5deg/min

Annealing of the samples 
at T=673K during 1 h

Heating of the samples of 
the system with Sc up to
T=1543K, with Al up to 
T=1383K, with Fe up to   
T=1283K, with Y up to  

T= 1293K with the 
velocity of             
5deg/min

The sintering of the 
ceramics at the 

sintering temperature
was conducted in air 

for 1 h

Cooling down to 
T=300K with the 

velocity of 5deg/min

Uniaxialy pressing of the 
powder at 300MPa

Heating of the pressed 
samples up to T=673K 

with the velocity of 
5deg/min

Annealing of the samples 
at T=673K during 1 h

Heating of the samples of 
the system with Sc up to
T=1543K, with Al up to 
T=1383K, with Fe up to   
T=1283K, with Y up to  

T= 1293K with the 
velocity of             
5deg/min

The sintering of the 
ceramics at the 

sintering temperature
was conducted in air 

for 1 h

Cooling down to 
T=300K with the 

velocity of 5deg/min

Sintering of the Li1+xM x Ti 2-x(PO4)3 (where M=Sc, Al, Fe, Y; x=0.3) ceramics



In 1938, Stefan Brunauer, Hugh Emmett and Edward
Teller published an article about the BET theory in a 
journal for the first time; “BET” consists of the first
initials of their family names.  [BET (m2/g)].





YSZ, GDC, SDC composition, SBET of the powder theoretical and relative 
densities of the ceramics.

- 95.012.492 mol% ZrO 2 8 mol%Y2O3

5.96[4]                          97.01.6792 mol% ZrO 2 8 mol%Y2O3

- 95.0201Gd0.1Ce0.9O2−−−−δδδδ

7.21[2]                          97.06.44Gd0.1Ce0.9O1.95

- 92.08Sm0.15Ce0.85O1.925

- 94.0203Sm0.15Ce0.85O1.925

7.22[5]                          94.0195Sm0.15Ce0.85O2−−−−δδδδ

7.15[1]                          94.0212Sm0.2Ce0.8O1.9

7.24[3]                          95.0220Gd0.2Ce0.8O1.9

Dtheoretical,  g/cm3 d, %SBET, m2/gComposition

1. H.B.Li et al.Acta Mater.54(2006)721; 2. K.Huang et al.J.Amer.Ceram.Soc.81(1998)357;3.G.Chiadeli et 
al.Sol.State Ioncs, 176(2005)1505; 4. H.Liu et al.Mat. And Design, 31(2010)2972; 5. C.Jiang et al. 
Power Sources, 165(2007)134.



SEM images of Ce 0.9Gd0.1O1.95 ceramics sintered 
from powder with S BET = 158.03 m2/g (a) and 

SBET = 6.44 m2/g (b)

a)                                                              b)
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Pastarosios lygtys yra vadinamos Debajaus lygtimis. Joniniuose ir 
superjoniniuose kristaluose, kuriuose dominuoja vienarūšiai joniniai migrato-riai, 
turintys tą patį relaksacijos laiką
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Temperature dependences of the relaxation frequency of theYSZ thin
films deposited on alloy-600 substrate







CO2 dujų jutiklio strukt ūrinė schema

Li 1.3Al0.15Y0.15 Ti1.7(PO4)3

Solid electrolyte
PtPt

Al 2O3

Li 2 CO3

V

The glue



/EMF/ ,       
mV 0.03%CO2+N2

0.1%CO2+N2

1.0%CO2+N2

300

200

100

300 400 500 t0, C

10%CO2+N2

.CO2 dujų jutiklio E-P-T charakteristikos
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Kietojo elektrolito kuro gardel ės strukt ūrin ė schema







H2O garų išėjimo kanalasSOFC tuščiaviduriai
cilindrai

H2O garų išėjimo kanalo
išorinė sienelė

Vidin ė izoliacija

Kuro įvedimo anga

Oro įvedimoanga

Šilumin ė izoliacija

Vėsinimo kanalas

Cilindrin ės formos SOFC modulis
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Storasluoksnio SOFC  U – j – W charakteristikos



5kW SOFC modulis pagal S.P.S. Badwal ir K. Foger
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SOFC W – I charakteristika 1203 K temperatūroje






























