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Development of ferroelectric mesocrystalline nanocomposites and clarification of
their gigantic piezoelectric and dielectric effects mechanism

Feng, Qi
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i In this study, the ferroelectric mesocrystalline nanocomposites were
developed using soft chemical process. The ferroelectric mesocrystalline nanocomposites are

constructed from two kinds of nanocrystals with the same orientation and different lattice
constants, forming a heteroepitaxial interface. The ferroelectric behavior can be controlled by
lattice mismatching of the heteroepitaxial interface which results in a lattice strain. The
lead-free ferroelectric mesocrystalline nanocomposites exhibit a giant piezoelectric response at 3.4
lattice mismatching, which can be larger than that of PZT.



Pb(zr,Ti)Os PZT

ds3 200 pC/N PZT ds3

BaTiOs3
BaTiOs: BT, a=0.3994 nm
SrTiOs ST, a=0.3905 nm

10 nm

BT
BT KNbOs
BT/ST
BT 5

20nm BT ST

BT/ST
2

BT/ST
BaTiOs/(BiosNaos)TiOs BT/BNT

450 pC/N

FIE[F 4

b

b T
sro WS
T 7T
VA4
****’,f+’l
HHH;»

ATERBIEXRFY PV RECBT 3
BFEALE & 2 HESMBOAREN
EXEFBEHR - EEHROHBER

Lattice Strain Engineering

@Batio; [ srTio,

Lattice Strain Engineering

BT BNT
BT BNT

BT BNT

BT/BNT




y (b) SAED
BNT (110) * BT (001)

‘j NT (001)
g

Zont =L =[110]

Lattice Strain Engineering

BaTiO/(BiosNaos) TiOs (8)TEM

(b) SAED

Lattice Strain Engineering

[001] [110] [111]

BaTiOs(BT, )
SrTi05(ST, ) CaTiOs(CT, ) (Bio.sNags)Ti0Os BNT,
(Bio.sKo5)TiO; BKT, Bi,Tis0:, BIT,
1
€ / Ba(OH), &
BT/ST A0:OOR:0%1:0) 7
W oTi 0 ERF 48 (HTO) B BaX-HTOH S
1.071 11,7304 N
HTO xmnm || 4250027
Ba(OH)z BT/HTO SITiOs T/ $&& | |BaTi05-)-/§E |
Sr(OH), A&
BT/HTO SI’(OH)z STl 3 ) K?L’f&ﬂ
BT/ST BHEBE =
BT/HTO HEHEHE éjjggggé% —
i - aTiO, F/EE
BT/ST BT/BNT BT/BiT Ba'l'l(;, %,512;.,}. b/an B T'ﬁ’y’?ﬁgai
BT/HTO BaTiOy/SITiOs
BT/BKT BT/CT
HTO
Sr(0H), ST/HTO ST/HTO ST/CT
ST/BNT
FE-TEM SAED FE-SEM EDX
@
- P-E
PFM
Hi.07Ti1.7304 HTO Ba(OH)-



BaTi0s/HTO

13 e

BT/HTO ST T 1{;\ 01.2(; ;:,m \{:;:K‘UT%;LT :
Lo 499)
BaTi0s/(Bio.sKo.5)Ti0; BT/BKT
BT/HTO  Bi,03-KOH
BT/BKT
BT/HTO  K,COs-Bi,0;
BT/BKT 2
Thd=027
UBT(1A0)
BT/BKT TEM
SAED 2
BT/BKT TEM
TEM HTO BT/BKT
TEM SAED BT/BKT
BT/BKT TEM
SAED BT/BKT
BT [110] BKT [001]
BT/BKT TEM BT (110)
BKT  (010)
BT/BKT BT  BKT 2
BT/HTO  Ca(OH).
BaTi03/ CaTi03 BT/CT
BT/CT [110]
BT [001] cT
BT CT 3 Zyro=1010]
HTO  Sr(OH), Tq Ry
SrTi0s/HTO ST/HTO HTO foQU';TPo‘-“
ST/HTO Ca(OH). * g P ST1-10
SITi0./CaTiO; ST/CT .
HTO 001 -
HTO o a
ST/HTO TEM SAED . Zsr=[010],Z¢,={110]
HTO Sr(OH),
ST/HTO ST HTO ST/HTO
2
ST/HTO
ST ¥ g 'zw:(l‘izo;lSAED SR iy
s Sk
ST/HTO R
" s ' cx:u-m
ST/HTO  Ca(OH), 2P, . Nyt R
ST/CT e .""'-""'-“";:‘F'm
ST CT o IR
5 e ,iisn-,u.
Y e
ST or [110] [110] Zo={110], Zer=001]  Eppee
ST/CT STICT TEM
ST SAED BT/BKT TEM
cT 3
ST cT
2
BT/BKT BT/BKT
BT BKT
d33 BT BKT BT  BKT



BT/CT BT/CT

BT CT
ds3 BT o0
CT BT CT 3 3.4 %
500
2 400+
3 E 3D
BT/CT 2 >~ %001
BT/BKT _éﬁ" 200 e
a3
2 3 10 15 20 25 30 35 40 45 50 55
Lattice mismatch (%)
8
ST/CT das
ST/CT
ST CT
das ST CT ST CT 3
das
8
3.4
3 2
d33 3
3.4

PZT das



2 2 2 0

Wang Xing Cheng Weijie Hu Jiaqiao Su Ying Kong Xingang Uemura Shinobi Kusunose Takafumi 9
Feng Qi
Mesocrystalline effect in a NiTiO<sub>3</sub>/TiO<sub>2</sub> nanocomposite for enhanced 2022

capacity of lithium-ion battery anodes

Inorganic Chemistry Frontiers 2055 2067

DOl
10.1039/D1Q101501J

Wang Xing Cheng Weijie Hu Jiaqiao Su Ying Kong Xingang Uemura Shinobi Kusunose Takafumi 4
Feng Qi
Lithium lon Battery Anode of Mesocrystalline CoTiO<sub>3</sub>/TiO<sub>2</sub> Nanocomposite 2021

with Extremely Enhanced Capacity

ACS Applied Energy Materials 13646 13656

Dol
10.1021/acsaem.1c02337

5 0 0

Xing Wang, Qi Feng

Topochemical synthesis of Mn203/Ti02 and MnTi03/Ti02 nanocomposites as lithium-ion battery anode with fast Li+ migration and
giant pseudocapacitance

61

2022

35

2022




60

2022

Xing Wang, Xingang Kong, Qi Feng

Mesocrystalline Effect in NiTiO3/Ti02 Nanocomposite for Enhanced Capacity of Lithium-ion Battery Anode

60

2022

Xing Wang, Qi Feng

Lithium-ion Battery Anode of Mesocrystalline CoTi03/Ti02 Nanocomposite with Extremely Enhanced Capacity

EJEA Conference 2021 in Kagawa

2021







