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Abstract: Bismuth layer-structured ferroelectrics with high Curie temperatures have recently attracted significant attention as
promising candidates for high-temperature piezoelectric applications. However, the conventional solid-state reaction method
entails high-temperature processing that induces bismuth volatilization, thereby degrading device reliability. In this study, we
employed a co-precipitation method enabling atomic-level mixing to significantly lower the synthesis temperature of Nb/Ta-
doped BisTi3O12 ceramics compared to the solid-state reaction method. Experimental results demonstrated that the co-
precipitation method yielded a pure single phase at 600°C without intermediate phases. Furthermore, the synthesized
nanopowders, with an average size of 100 nm, lowered the onset temperature of sintering shrinkage to 650°C, approximately
200°C lower than that of the solid-state counterpart. The low-temperature synthesis process proposed in this work is expected to
contribute to the performance enhancement of high-temperature piezoelectric devices by effectively suppressing bismuth
volatilization and ensuring compositional stability.
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Fig. 1. Schematic diagram comparing the synthesis mechanisms and diffusion distances of (a) the solid-state reaction method and (b) the co-

precipitation method.



206

=
~
-
o

e o
o n

100 4

Nl
o e

BTNT-SS

200 400 600 800

90

&
=3

Weight(%)
=
N
T T _.. L Ib T T
(2] (=] o
Heat Flow(Normalized) Q (W/g)

Temperature T("C)

J. Electr. Electron. Mater., Vol. 39, No. 2, pp. 203-209, March 2026: Lee et al.

1.0
(b)

Los
=
Loo E
1004 DSC - g
S "3
E 1.0 5
= TGA 1.5 s
2 B Z
= z
L20 2
=
25 §
BTNT-CP =

90 . ; . r -3.0

200 400 600 800

Temperature 7(°C)

Fig. 2. TG-DSC curves of precursor powders synthesized by (a) the solid-state reaction method and (b) the co-precipitation method.

2Bi(OH)5 - Bi, 05 + 3H,0(g) (5)
Ti(OH), - TiO, + 2H,0(g) (6)

ojmj DSCxA AoflAl 300°C Yol Yehte I o

of tfaff, Liu = [17]2} Kan £ [18]2 AA & U9 At&
ALr @ &(NHINO3)o] Al (7)xt 2Ho] 4tat 26l =] TH A
st ol 71913tk B stecy,

n ok |y

2NH,NO; — N,0 + 2H,0 (7)
o] ZaF 7k A7 &g glo] orAstE 510°C HojA] &t
37} WAL =, o= v A el A3AI7E 27
BisTisOnd o2 XMolst= Z27d%} §h-3-of sfidst
A (8)3} 2ol BRAL

wol e 2 s ARt gay
T 3o nANSHT FANCR AAY AR B
o) 5} ol T2

Holck. 9iA 2

U Y A= (Bi20)9] A mAgto
600°C 3t4 2= oA = Biy;Ti029] & }b
Bl o, 650~700°C dtA 2 EofA=

O] W37} FAlof] YERGTE. o] 9FA] Od
S AR5 @Adoly, 1Y 2(a)e] DSC
o3 25 (715°C)Eot WA S}
w4991 DSCeo= Tha7] 4A4]719] 28t
o] Fojxlof whet YA} 7t &hato Uﬂr% ghg-o] %l

SN
hu 32
> - L

_E _E
|
fo
ot
rN

c)s
L

U)
_O‘Jlil
M
é‘_la
@
L
i B BN o T g

o\n
o rlr ¢

o2 Jo off
o O i 2L >

Sy > oy L

—_

2 WO o] % 800°CY] 614 LEoAE $7

, =20 Qe '\:_]'Ol BisTis0124} 0] &

-

0.u.4
ox

BisTizO1, 73 %!

_tﬂ
_L4
ofi
-

oz
o)
)

ki
_L
i
Pal
2
m
ot -
tE O
olm ro
S ol
[
;_QLi ox &
12
2o 'I'I' -IO
pa)
_,_. =
Exa
10 ruE
o
tl[-f‘ oL
0 i&
>
IR
2o o

é

2

Flolol 19, 2
Aol 3% o
IRt B gt
T2} wgstof
HA =) vk, 2
Al 74 Yagol

Aol @3]

e po
o
)

_{
e
o go Jo

U
AN

ne
e
l‘|0 u:)*{ —E

= b
S, e
S b3
L
EE
flo 2 3
o{ﬂmgm
RS
> |
T8 7
ruE"'IJ
rg 1C
_Iﬁ‘ld
o of
H”HT

i

A
)
lo
ojm
ol
re
Do)
r
19
u
ot
oo
=
2
-+
ball

3

i)
=
o
N

-

H1
il
Mo o 4

i)
rO
=)
S

=
w

O "
S

oz

o:] X O]

fn‘
£
5
O
U
rol
_m
_O'L
kJ
ﬂ
E opt
_OJ_:

p
olo
ik
lo
u
=,
]
rin
r-[n:
nd
1o
ox,

Ho
i,
)
IE

II
é.:

(ball mill)



J. Electr. Electron. Mater., Vol. 39, No. 2, pp. 203-209, March 2026: Lee et al. 207

@) e (b) ' : -
- g 3 g gz 3 5 £ 8
g g g S 5 < §I - g g sz 2 g §|§. L
3 3 g g § SIS g Sg 888 8 S, TR E 2
g g8=° =8 ° £ 8 e | REIcaF 54 £ 585E
= =
< < 600°C
N’ N’
& 2 \ 550°C
- o p—(
2 z °
> S 500°C
= = As-milled
— —
N N , _ Mixture R ) As-coprecipitated
JCPDS-72-1019 JCPDS-72-1019
(Bi,Ti,0,) (Bi,Ti,0,)
I PR N SR [T BTN [ PR SR [T BT
COD-4030656 COD-4030656
| (BIZJOADTZ) | (Blllolﬂ.rl)
] | .| M | |..|||.. ] | .| PR P | |..|||.|
COD-1010004 COD-1010004
(Bi,0,) (Bi,0))
o || N |‘|J||||l ,,,,, PRTN m ol || N I‘IJIHI. PRI P P T LA
20 30 50 60 20 30 50 60
20 (degree) 20 (degree)

Fig. 3. XRD patterns of powders synthesized by (a) the solid-state reaction method and (b) the co-precipitation method calcined at various
temperatures.
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