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IV (Plasticizer flow is (Solvent is Not JULs
(Solvent Flow is restricted) contained) (Solid polymer film
allowed) with low
dielectricity)
{B#E 8% at 250V/ (&) {epE
mm
%ﬁz JE H fregy JE H JE H
oa—yryg D) —E>2T (7 A— IR EN
NDERHRER)
5% 90°.760 ms & 100°.730 ms & 100°,760ms 2 :10ms
T H xeE? FEH xcE2 FEH occE2 FE A xeE?
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T 10pA
®w15: 500 V/mm

Bt 10nA
&wi5: 1000 V/imm
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®w15: 1000 V/mm
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Space charge distribution can be
controlled by varying the additives and/or
chemical structure of the elastomer itself.

electric field IiX,‘ 7_@Eﬂ
- ARiE B D=L BT

Space charge dependent bending
deformation of polyurethane elastomer.
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flapping motion H
I su‘p(lching and contration

applying an clecunic fic dperodcaly

' Flapping motion in air induced by stretching and
contraction of polymer gel.
For instance, polyvinyl alcohol gel swollen with DMSO
shows the motion by applying an electric field.
Presence of water should be avoided.
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anOijeY? solvated chargedcattmde 42|->|:5‘77":J:6E'Hﬂ

particle

Q charging Q
ejection toward ? @

counter electrode D

discharging

_An lllustrative explanation of "lon Drag".
Solent is charged on an electrode, and is gjected
toward a counter electrode. Charged solventis
solvated. On the counter electrode, charged
solvent is discharged. ?

Image shows the case of dimethyl sulphoxide. In
the case of phthalates, the situation is opposite.
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moving direction
‘7

\ Pl
electrodes

_ Crawling motion of a gel that was placed on a
glass plate on which electrodes are arrayed. The
solvent was charged on a right electrode migrate
toward the another electrode and accumulated at the
position marked by "x".
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Plasticizers investigated

COOC,Hq

COOC,Hq

Di-n-butyl-Phthalate (DBP)

COOCH,CH(C,Hs)C4Hg

-

COOCH,CH(C,Hs)C4Hg

Dioctyl Phthalate
(DOP)

COO(CH3)7(CH)(CH3)2

COO(CH3)7(CH)(CH3)2

Diisodecyl phthalate
Heodeaytp (DIDP)

COOCgHq7

COOCgH7

Di-n-octyl Phthalate
oty (DnOP)

COO(CH3)sCH(CH3)3

COO(CH32)sCH(CH3)3

Diisononyl Phthalate (DINP)

COOC1H23

Diundecyl phthalate
(DUP)
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Over view

B
e o -
Electrode (anode) side
plasticized PVC o cathode of;eversible anode

on
l e «——La)_,_
after application of an
electric field

ckoricted PVC-DOP gel at 500 V/mm

. Amoeba-like pseudopodial creep deformation induced in plasticized
PVC by applying an electric field.
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Electrodes

Charge | g <=
injected .

E=0V/mm E= 500 V/mm
The bending motion of PVC-DOP gel
== s induced by an electric field of 500 V/mm. The
27t <0.1mA overlaped image was composed of the very
beginning picture and another one taken after 60s.

FE AL 400%EF B Z 5

T. Hirai et al., Faculty of Textile Sci. & Technol.,Shinshu Univ.



Creep induced bending

* Bending like a joint

« Swift bending is
possible.
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ER-EH
Applied
Voltage
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Electrically induced creep deformation

PVC plasticized with DBP
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