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Motivation
e Multifunctional materials
Layout

Introduction: multifunctional composites
Production Technologies
e Conventional Ceramic Process: Solid State Reaction method (SSR)
e Electrophoretic deposition (EPD).
Single phases
e Nb-doped Lead Zirconate Titanate (PZTN).
e Cobalt Ferrite (CFO).
e Titanium dioxide (TO).
Composites
Particulate ceramic composites
e CFO-TO - magneto-dielectric
e CFO-PZTN - magnetoelectric
Laminate ceramic composites
e Bilayer thick film by EPD - CFO-TO/PZTN and CFO/PZTN
e Miniaturized structure by tape casting and screen printing
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Multifunctional Ceramic Materials:
Applications L
Relationship between
the order
e Data storage parameters and
- Multiple-state logic memories the’::;’;‘;t/zvog
- Non-volatile memories coefficients ; CD
e Wireless telecommunications ,S><X"' \
- Tunable devices & Magnetoelasticity A
- Resonators ] . .
B “All-in-one universal solid state element”

Capable of mechanical actuation, multiple
memory states, logic functions, sensing and
photoactive properties with unprecedented
versatility for high-tech applications.

- Phase shifters and delay lines
- Miniaturized antennas
- Terahertz emitters

e Sensors

e Conversion of energies

e Energy harvesting “.. have the potential to fundamentally

transform our society and to allow the current

*Greater perfomances T ) ) )
scientific and technological progress to continue

*Wearable applications
*Miniaturization [1 M. M. Vopson. Critical Reviews in Solid State and Materials Sciences, 40:223-250, 2015
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PRODUCTION OF MULTIFUCTIONAL CERAMIC compoAiteA:
BULK MATERIALS AND THICK FILMS £

“An elegant solution to single phase (multifunctional) dilemma (weak magneto-electric
coupling) was the developed of (multifunctional) composite materials”

[] M. M. Vopson. Critical Reviews in Solid State and Materials Sciences, 40:223-250, 2015

DESIGN AND PREPARATION IN VIEW OF MULTIFUNCTIONALITY
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The approach

1 to produce ME ceramic composites
with 0-3 connectivity by mixing phases
produced by SSM

V. m—

2 to produce ME laminated
ceramic structures with 2-2
connectivity by EPD —__
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e Starting materials

e Batching _

- wiind N
Dry mixing t mixing|

*-'Ilﬂ
Drylng

« Calcination E(_I

. - Typical preparation procedure of a bulk
A ceramic materials by the SSR method

Shaping

Sintering

Bulk material

Isostatic pressing

S 4 4 d M O d

. Mlllmglmlxmgv

« Drying L'. E "

Oven Freeze- dryln'

Rota ry eva pogator

Green body

* Sieving
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Electrophoretic deposition (EPD) was applied to
prepare magnetoelectric (ME) composite bilayer
thick films based on perovskite phase and spinel
cobalt ferrite

= ;g:- «— layer 2

T «— layer 1
< electrode

« Substrate

Advantages

e Simple apparatus

e Short formation time
E=T/L e Little restriction of the

v=pE shape substrate

* High degree of

\J Colloidal stoichiometry

Colloidal : . .
Suspension Particle e Debonding is not required

Deposit

PhD day — December 2, 2015 Turin




POLITECNICO
DI TORINO

DISAT

Department of Applied Science and Technology

Processing of the single phases
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Ferroelectric phase PZT Lead Zirconate Titanate
Solid state reaction

Pb0.988(2r0.52Ti0.48)0.976N':)0.024()3

Electric field J - Pb
10

“""\‘,: ..‘r-": 5 .

High electromechanical coupling factor

Sample  p €33' Kp K day das

% I ’m/V]

mied  97.7 1551 (0670 )-0.380(_-184 )35

Oxides
SolGel 96.4 1435 0.554 -0.299 -132 314

thesis
'l_\

Syn

as calcined powders
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Magnetic phase CFO Cobalt ferrite CoFe,0,

* Hard magnetic behaviour
* High magnetostriction

spinel structure

i Mag= 000K X 1wm EHT = 10,00 kW
@ _I.o_u Perloff / Photo Atlas of Minerals Mag = 30¢ | o

e — e — — —
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Calcined CFO @BS0°Cx 2 h

o 1
| o |

Calcined CFO @B00°C x4 h

Intensity (a.u)

CoFe,0, + 023

Calcined CFO @700°C x4 h

Increase the powders reactivity | i a0 50
Two Theta {degrea}
reducing the average particle size:

13 nm Calcined CFO @1000°C

_.JMLJI \\.-.ﬂ'ﬁw w\»u
21 nm Calcined CFO @850°C

; i
A" " ...d""-.l-"ll Mo it

Calcined CFO @800°C

Intesity (a.u.)
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CFO: sintering

850 "C

Sintered density
=— Green density

Iitnaul'nsity,r {%}

a— GFO UI:F'”"'

Induced maqnetizatimn. ;r'H A m')

500 1600 1600 200
Magnetic fisld sirength, H (A m™)
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Processing of the composites
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Processing related issues

o difference in thermal expansion coefficient
* Jlead losses

(] U d " i . o
o
e
*
o I
A dm
- . 5
] T E
£ o 5
: i
o -
-1
w1l
S
Temperature ('C) T
Fig. 2. Thermal expansion (A0 and thermal expansion coefficient (o) as a GG |éﬁ3 2%‘3 !6,:, .“-IJU 5.';.{, ‘!.: T
Tursction ol empersiune for (| — OPMB<cPT ceramics: {2 v=0.20, (B)y =030 Temgersture {00
[= 5 ° " i
and (¢} x=0.35. Fiw 1. Varation of the coefficient of thermal
Possi ble solutions expansion of CoFel0, and CoyeZngFe,0, with

femperalure.

e Reduction of the CFO particle size

* Increasing on the dispersion and distribution of CFO ag
e Reduction of the sintering time and temperature
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ses 1St€C pZTN - CFO PZTN - CFO PZTN - CFO PZTN - CFO
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1250 °C ra— Melting point Melting point

1100 °C [
X 0.5 h
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| PZTN-CF 55145

Ferromagnetic

properties were
checked

M {emu/g)
M (emu/qg)

=aw Ferroelectric
properties will be

. T T T _40 I |

10.0 75 50 25 0.0 25 50 7.5 100  10.0 75 -50 25 0.0 25 50 7.5 10.0
analysed
H (kOe) H (kOe) y
20 [PzTH-CF 75125 [PZTNCF 20720

=an Magnetic-electric
coupling will be
analysed
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Magneto-dielectric composite materials based on TiO,/CoFe,0,system

These materials were used as substrate for
Miniaturized Microstrip Antennas.

5
s
—Fnr

"agneto-niemctric Bulk o _
"\ +Radiation efficiency .. The aim is to Improve
«Bandwidth the magnetodielectric
properties for wearable
Radio wave, GHz and wireless applications

miniaturization factor in the ultrahigh frequency.

AC signal

Br
Er

Bottom metallization
(electrical ground)

Stored energy
*Radiated power

Metallization

Printed antenna with diameter 31.5 mm
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The samples were prepared by solid state reaction ::
starting from commercial powders: .
g P b

[’Cogo:
|

800°Cx4h

|

27 37| 42| |50

TiO, 16| 24| |33 CFO (vol.%) == 75
Dielectric phase Magnetic phase

Sintered in air at 1200 °Cfor 2 h
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e SEM-EDXS
* Image analysis

I T I T I x I

20 30 40 50
Two Theta (degree)
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6 P. Galizia et al. / Ceramics International 1 (111) 11111

Table 2

aTi0s + bCoFes04 — cFeaCoTisOyg +dCoTi05 4 eFea0s5 -1—.{1"1{']3 +_EC{)FE:D_|

Class a/'b ¢ d e I g
I 3-11.75 =b =0 =0 =a—3b =0
I 3 ~bh =0 =0 ~0 ~0
I 22-3 =1/3a =0 =0 =0 =b—1/3a
A% 0.73 =0 =a =a =0 =b—a
FCTO-Theoretical . .
° o snavsi= - Achievement of new electromagnetic
100 — -* CFU—Imagu_Analysis . . . .
e T R - properties tallor_lng magnetic and
= "] " GTOJ4mage Anaiyse dielectric phases
B0 — = o _;S:E:.?ﬂizllysis

5 (8 o ~

- - o - 's

o ) e # properties will be &S@" - }r@;f/
d N S analysed f@g’
TO IEI'.'I 30 40 S0 =11 TO CFO 9 —

wt.% CFO

. ovel titania-cobalt ferrite ceramic materials”
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e Pt
* Pbgggs(Zr052Tio.48)0.976NP0.02403
* CofFe,O
Pt-covered Al,O,
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Magnetic and Electric Characterization TR
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==n Magnetic-electric
coupling will be
analysed

e e W N g O :"ﬂ ﬂr—ll‘!h--v-—nqu\-qw:n-—ﬂnq--.* i e S e
¥

el W T i ol g e L Tl o L, i Bl i i, i i M e B R e

PhD day — December 2, 2015 Turin



POLITECNICO
DI TORINO

DISAT

Department of Applied Science and Technology

Dotz ste
DESIGN AND PREPARATION IN VIEW OF MULTIFUNCTIONALITY

1° layer: Co-deposition of titanium oxide and cobalt ferrite nanoparticles
2° layer: deposition of Nb-doped lead titanate zirconate

300 —————rrro A7/AIO/CFT82/PZTN 47/AIO/CET82/PZTN
—o— | —— | H
"o\ —o | —o—1|
250 i —o—1ll| ] —o— Il
1o :.%Ql
9
200 @
“w 2
150
Q 5
100 %ﬁr 835 _
10? 10° 10* 10° 10° 0,0 T R

102 10° 10* 10° 10°

Frequency (Hz) Frequency (Hz)

[1 P Galizia, et al. “Bilayer thick structures based on CofFe,O,/TiO, composite and niobium-doped PZT obtained by
electrophoretic deposition” J. Eur. Cer. Soc. 2016; 36, 2: 373—-380.
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Intensity (a.u.)

Intensity (a.u.)

v CoFe,0, v Ag
~ TiO, (Anatase) ¥ TiO, (Rutile)

@ CFO/TO: 98% relative density; 25vol% TiO,; 75vol% CFO

ﬁ PZTN: 95% relative density 0
le20electrC Properties§

[1 P Galizia, et al. “Bilayer thick structures based on CofFe,O,/TiO, composite and niobium-doped PZT obtained by
electrophoretic deposition” ). Eur. Cer. Soc. 2016; 36, 2: 373-380.
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pie o-magnetic
structure
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CONCLUSIONS

1. The “Influence of milling and calcination temperature on the microstructure of
cobalt ferrite” was studied. The results have been submitted.

2. Bulk particulate Nb-doped PZT - cobalt ferrite ceramic composites have been
developed, but the functional characterization is still in progress.

3. Novel in-situ particulate composites were produced by combining cobalt ferrite and
titanium dioxide. The results on microstructure development have been published,
but the functional characterization is still in progress.

4. Electrophoretic deposition was used to produce multifunctional thick films:

 “Bilayer thick structures based on CoFe,O,/TiO, composite and niobium-doped
PZT obtained by electrophoretic deposition” have been produced and the results
have been published.

« PZTN-CFO thick films are under developing

5. Next year, the main research activity will aim to “study the multiphysics
interactions”
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