
Ferroelectric Properties of Lead-
Free Ceramics Prepared by Solid-

State Synthesis
M. Robić,1 A. Bradeško,2 M. Lachhab,2 D. Verdel,2 B. Malič,2 M. Otoničar 2

1 Division of Material Chemistry, Ruđer Bošković Institute, 10 000 Zagreb
2 Department of Electronic Ceramics, Jožef Stefan Institute, 1000 Ljubljana

e-mail: mrobic@irb.hr

Solid-State Science & Research 2025 

2nd July 2025
Faculty of Science, Zagreb

1

mailto:mrobic@irb.hr


Perovskite structure
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NBT-8KBT-4BT  0,88((Na0.5Bi0.5)TiO3)  0,08(K0.5Bi0.5TiO3) 0,04 (BaTiO3)

NBT-20KBT 0,8((Na0.5Bi0.5)TiO3)  0,2(K0.5Bi0.5TiO3)

NBT-5KBT-5BT  0,90((Na0.5Bi0.5)TiO3)  0,05(K0.5Bi0.5TiO3) 0,05 (BaTiO3)



Piezoelectricity and ferroelectricity
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Mechanical stress⇆ charge generation

No centre of symmetry=no 
piezoelectric properties

Piezoelectric factor or simply d33 (pC/N)

P

E

Ferroelectricity
-spontaneous polarization
-dipole momentsreversible with
aplied electric field



Ferroelectrics vs relaxors

PNRs=polar nano regions

domains with long range order
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tetragonal

rhombohedral

NBT
BT

KBT
Combination of both

MPB

Solid solution (NBT-KBT)

NBT-20KBT 0,8((Na0.5Bi0.5)TiO3)  0,2(K0.5Bi0.5TiO3)5



MPB
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Compositions

1) NBT-20KBT

2) NBT-8KBT-4BT

3) NBT-5KBT-5BT

Experimental procedure 
conventional method
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Why bismuth and not lead ?
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How the pellets and discs are 
made?
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1st BM
K2CO3/BaCO3

Na2CO3

TiO2

Bi2O3

ZrO2 balls

precursors

1st calcination
750 ˚C (5-10 h)

2nd calcination
800-850 ˚C (5-10 h)

2nd BM

isostatic pressing 
(in oil)

1000 kN
sintering
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MEASUREMENTS

electroded slices

sputtering
slicing

diamond wire

fixing on the sputtering magnetic holder

poling
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poled
sample
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How to explain
sudden increase in

piezoelectric
properties?



Strange phenomena

1150-5 1150-10
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1150-5 1150-10

Secondary phases (Bi rich phase) No secondary phases

RGD=0,968
RPD=0,991

RGD=0,962
RPD=0,992
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1150-5 1150-10
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Is there a connection?

1150-5 1150-10
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1150-5 1150-10

NBT-8KBT-4BT
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NBT-5KBT-5BT

1150-5 1150-10
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Questions to be answered

• Secondary phase ad triple junctions between grains in the microstructure

Secondary phases and connection with yellow patterns?

Do we have solid state sintering or transient liquid phase sintering?

• Why is frequency dispersion lost upon 5h prolonged sintering at 1150 °C ?
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K/ 

At. %

Ti/ 
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Bi/ 
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O/ 

At. %

Spectrum 1 8.22 0.00 17.61 13.28 60.23

Spectrum 2 8.62 0.24 16.88 13.76 59.83

Spectrum 3 8.14 0.00 20.79 10.16 60.90

Spectrum 4 7.77 0.00 21.01 10.12 61.09

Spectrum 5 8.62 0.00 20.92 9.72 60.74

Bi rich 
phase

NBT-KBT Secondary phases

1175 °C
5 h

6 µm

Solid state sintering
+

Local liquid phase 
sintering
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Example of B site ordering

A-site disordering A-site 1:4 ordering

1150 °C-10 h
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Conclusion
• All three different NBT compositions compositions gave the same phenomena
• Yellow color is probably due to bismuth rich secondary phase melted, causing the accumulation in the triple

joints between grains
• Pellet inhomogeniety is resolved with prolonged sintering time, giving enhanced properties as a result
• A-site ordering appears, causing loss of frequency dispersion in permitivitty measurement
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A-site disordering A-site 1:4 ordering

1150 °C-10 h
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Perovskite structure
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NBT-8KBT-4BT  0,88((Na0.5Bi0.5)TiO3)  0,08(K0.5Bi0.5TiO3) 0,04 (BaTiO3)

NBT-20KBT 0,8((Na0.5Bi0.5)TiO3)  0,2(K0.5Bi0.5TiO3)

NBT-5KBT-5BT  0,90((Na0.5Bi0.5)TiO3)  0,05(K0.5Bi0.5TiO3) 0,05 (BaTiO3)



29



30



-50

-40

-30

-20

-10

0

10

20

30

40

50

-60 -40 -20 0 20 40 60

P
(µ

C
/c

m
2
)

E (kV/cm)

50 kV/cm

S3-NBT-BT-S1150-10-BP-845

S3-BR1-NBT-KBT-S1150-10-BP-864

S1-NBT-8KBT-4BTS1150-10-BP-918

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

-60 -40 -20 0 20 40 60

St
rr

ai
n

 (
%

)
E (kV/cm)

50 kV/cm

S3-NBT-BT-S1150-10-BP-845

S3-BR1-NBT-KBT-S1150-10-BP-864

S1-NBT-8KBT-4BTS1150-10-BP-918



Td

Ferroelectric
state

Anti-ferroelectric
state

Tc

Paraelectric state

ε

T / ˚C

Tc measurement after poling
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Powder 
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(XRD)

Polishing
(Nejc,Lea, David <3)
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Bi rich 
phase 
by EDS

S1-NBT-8KBT-4BT-BM2-C1-750-10-AGM-C2-800-5-AGM-BM1-S1100-5-top slice



5h sintering

T / ˚C
1150 ˚C1100 ˚C



Mass losses
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