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Magnetoelectric Polymer Composites
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Abstract: Since 2010, polymer-based magnetoelectric (ME) composites have been developed with detailed investigations of
multiferroic properties such as piezoelectric, magnetostrictive, and magnetoelectric, etc. In particular, as a piezoelectric polymer,
poly(vinylidene fluoride) and its co-polymers have been widely used in ME composites for energy harvesting, health monitoring,
environment treatment, and bio-medical applications. In this study, main research trend and selected experimental results of
polymer-based ME composites are briefly reviewed with respect to composite structure as well as application field. A conclusion
was drawn that the polymer-based ME composites would be feasible as flexible devices or functional membranes in the near

future.
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I 1o YEfHi o], 4749 3R/e 5 A7 (A
OJ5fl AP A F=(P)o] 7 =5]= F7A/d(ferroelectric),
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71R1 73t (ferroelastic) .2 L2 T} [1-5]. AH7] & 7]
(magnetoelectric, ME) Al 8+ Y& (piezoelectric) &
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Fig. 1. Schematic diagram of correlation of multiferroic characteristics.
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Fig. 2. Schematic diagram of mechanism of direct- and converse- ME
effects, reproduced with permission [11]. (Copyright 2010, Nature
Publishing Group)
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Single-phase
ME materials

Two-phase
2-2 type ME composites

« Properties: Low ME response and temperature + Properties: Practical ME effect and interfacial bonding

+ Materials : BiFeO;, YMnO,, ThMnO, - Materials : Ph(Zr.Ti, )Os/CoFe,0,,, Ph(ZryTi, )Os/Ni

+ Application: Multi-state memories - Application: Energy harvesters

1894 Present

Two-phase
3-0 type ME composites

Nano & Polymer
ME film
« Properties: Ultrahigh ME coupling and nanosized
devices

* Properties: High ME coupling and dielectric loss

+ Materials : BaTiOy/CoFe,0,, Pb(Zr.Ti, ))Os/Terfenol-
D, (Ba,Sr, )TIO/CoFe,0,

* Materials : BiFeO; BaTiOy/CoFe,0,, PVDF/Metglas

« Application: Multifunction devices

 Application: Magnetic sensors

Fig. 3. Research history of ME development with critical phase
structures.
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[CHo-CFo]- B2 75 o] Jlot, 40t 4 XA}
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Fig. 4. Comparison of piezoelectric charge coefficient (¢53) in various
piezoelectric materials for ME composites, reproduced with
permission [37]. (Copyright 2018, WILEY-VCH)
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Fig. 6. Comparison of magnetostriction (1) in various magnetostrictive
materials for ME composites, reproduced with permission [37].
(Copyright 2018, WILEY-VCH)
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Fig. 7. M-H hysteretic curves for hard and soft magnetic materials.
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Conventional ME composites Self-bias ME composites
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Fig. 8. Schematic diagram of optimal magnetic bias field (Hop) shift

for self-biased ME composites.
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Fig. 9. Percentage of publication and ME coefficient with respect to
application fields of ME polymer composites.
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Fig. 10. (a) Phase structures of ME polymer composites and (b)
various fabrication processes of piezoelectric polymers.

33 10(a)oll A LERgS o], EA} 718 Ab | 7] St
AL Esoz 3-0 1E, 2-2 1A, U b PE0 1
BAb SEAR Lol AlLt [55]. 13 10(b)oll A LERR S

LUE E4 3ES FHAZI7] A R AL, AW R

H HE 2Yols &t AlE Y2 5l =2
= SEAT [43].

o
g2 R

2.1 3-0 F+=2| Ap7|M7| 22X} FEkA|

A
2 gt
rlr —

104 ey So], 3-0 1x9] A7 A 7| 1LEA}
Urda] X1 gtngA 28 U A7) =8 A

HIEPY- S AI71E A7) REol MaYE 1 Qe
11(b)

ofm
ol
—==1

H
=
®E
r;

(b)ollA], Yang ¥4+ 22 CoFe,0q4 U
=S{el} PVDF )£ A0] 2415 5.0 .5
LEAL SHA= QUH

> oo ot
>
R
e
_l;

B 910 b 1 d
N
2

of 3@

PVDF/CoFe;04 7<}7l7<17l J_TK} io*ﬁﬂ“ BH Hsp Y
AtEol A1 Algt 8118 Foll =2 HEPd S 2l =
A AFE DAL REN OF B4 T2 = S
2 =™5t9ict [56]. Nan 3 122 3-0 3% 2] PVDF-
PZT/Terfenol-D A7 7] L EAt 5A| & SFal Af

717171 E7d0l u]x]= stz FF s
¥t PVDFQ] Huji#&2 0.1~0.72 2745t A7]47
ZEXYE vudow B F53 AL,
me) 22 5] PVDFe} Abe} We] 2 QU e Aol o]
T2 WA oA B2 AIAY] EA
57]. Ahlawat ¥ Satapathy A4+ 15

l>
of
2
_lE

- —

el

o}
1=
=

i

Jo
t;ll
;5
o

233

(@)

Casting
52 (PVDF/CFO mamoparticies) 33 (PVDF/CFO nanorods)
= nee 7 n7 e 7
+ + *
Poling | mume / Vs / ] s /
Stretching /.-/ & - i ,/ R ’

(b)

Casting
1 gs 7 785 7

Annealing Poling

401 1

Fraction of s phase, F(p) (%)
8
r

§1 52 81 s 82 ) 81 52 8
Samples

Fig. 11. Main research topic in 3-0 type ME polymer composites; (a)
process-dependent nanofiller effect on (b) S-phase formation in
PVDF/CoFe204, reproduced with permission [56]. (Copyright 2018,
Elsevier)
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Fig. 12. Main research topic in 2-2 type ME polymer composites; (a)
2-2 magnetic sensors with (b) cross-sectional EDS image of hot-
pressed NF/PVDE/NF.
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Fig. 13. Main research topic in porous type ME polymer composites;
(a) electrospun PVDF/CoFexOs with (b) poling process-dependent
output voltages, reproduced with permission [62]. (Copyright 2020,
MDPI)



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 4, pp. 229-241, July 2021: Ko et al.

2 €915}t [62]. Ponnamm ¢ 18- P(VDF-HFP)
[poly(vinylidene fluoride-co-hexafluo-ropropylene)]oj]
NiFe,045 #4Hs &M [ 7] AL o 24 oh st 715
2718 JHRlE O34 AIR7) DRAL SYAE AR
AAc). o oA A% HAI2 Lgsp] Sla) PVDP-
HFP)/NiFe;0:] -2 WEPY S Q23 4 9= H7] WAt
He o] &3l ‘3_“‘3} ofYz} NiFe,042} P(VDF-HFP) 122
A} AFE T AT B5 ALGS FAAYOH SHA U]
oAl FgH AT B HEV S SAl0 5 =5t
0578 A7177] 132 A 5gAl= 1 Hz @ﬂ%oﬂﬂi =
P(VDF-HFP)X. ch ZOHH oA} =2 1184 2 &4
(emax) & UEIUHIGLAL, 2T 4 VO] &AUS A
W 1A R A e 58S 7}@ 2o vy
=9It} [63]. Chen @17 182 Aajel a
2 o]&sl] HARIA]
CoFey04-BiFeO3 Foj-d UL ARE BArE AHES|A
U™ AFf=c PLLA [poly(l-lactic acid)]|& AFEA]7 3
At gom & J) O3y AIAY] DRA BAIS
AAYst . PLLA/CoFe;04-BiFeO; & @ L2 A= A}
1AL ol7tsld S m), 2EAQ] AL O rsto 2 &
27 stgict. ol Almete] A5 &

85 342 SN S 2 2012 7|50l wold 13

O_I—

m
ﬂJ\

ook
O

Ebat NdFeB = 47<}

g Artay B2l 9 Y 7%
ol g3 ARSI ALE 4X1Y LAY 7152 2, S &

150l 9% R3] ol Ao 2 MY A
& 7|8k X171 A 7] 18
SEst7] Qe e
© AoA o Fgst

AAL7]7] ol

‘]
a
I, 71578 7 AA e E2 %@71%

oo S 1T QoA ouix, H1A
S Choreh Wolo 4] 3e] #8d 2 9irt.

235

(a)

(b)

50 -0 Wt TO
£ &l —=mn
o ]

'E 304
o |
> 20
é )
210‘
Fei |
0

0 I_?S Be) 5000

Fig. 14. Main research topic in ME polymer devices for energy
application; (a) 3-0 type P(VDF-TrFE)/CoFe204/Terfenol-D with (b)
filler concentration-dependent ME coefficient for energy harvesters,
reproduced with permission [67]. (Copyright 2017, MDPI)
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