Polymer (Korea) Vol. 27, No. 3, pp 195-200 (2003) 195

(2002 12 17 ,2003 3 20 )

The Electroresponse Properties of Alginate Films
under the Electric Field

Injung Kim, Hwiwon Kang, and Chang Nam JeongJr
Department of Polymer Science and Engineering, Sunchon National University,
315, Maegok-dong, Sunchon, Chonnam 540-742, Korea
tfemail: jens@sunchon.ac.kr
(Received December 17, 2002; accepted March 20, 2003)

CcaCl, ,
pH

. 5 wt%o
, NaCl  KCl 01 M

ABSTRACT Alginateisanatural ionic polymer including numerous anionic groups and can be actuated by the
ionic group under the electric field. The crosslinked alginate films were fabricated with CaCl,. The thermal,
mechanical and electroresponse properties of the films were investigated by thermogravimetric analysis, tensile
and bending tests. The initial degradation and tensile strength increased according to the degree of crosslinking.
Also, the swelling ratio of the films increased with decreasing degree of crosslinking and increasing pH due to
free volume and electrostatic repulsion. The films actuated by an electric stimulus exhibited gentle and flexible
action like a pendulum. In the electric field, the electric stimuli such as the applied voltage, ionic strength and
kind of electrolyte solution had an effect on the electroresponse of the films. Alginate filns with 5 wt%
crosslinking agent showed the highest bending angle and reversible bending behavior. When theionic strength of
NaCl and KCI electrolyte solution was 0.1 M, the films showed the highest electroresponse. The bending
behavior of the films increased with the applied voltage.

Keywords alginate, eectroactive polymer, ionic polymer gel, actuator.
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Figure 1. Schematic representation of alginate crosslinked by
calciumions.
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Figure 2. Schematic representation of fabrication of alginate
films.
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Figure 5. Tensile strength and elongation of alginate film witt
degree of crosslinking in wet state.
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Figure 6. Sweling behaviors of alginate films depending on
degree of crosslinking and pH.
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Figure 7. Schematic illustration of electro-responsive mech-

anism of ionic film under

electric stimulus.
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Figure 8. Bending behaviors of alginate films with degree of
crosslinking in NaCl electrolyte solution (ionic strength 0.1 M)
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Figure 9. Photographs of reversible bending behavior by al-
ternating current of 5V every 2 minutes in electric field.
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Figure 11. Effect of ionic strength of NaCl el ectrolyte solution
on electro-response of alginate film with 5 wt% crosdinking

in NaCl electrolyte solution (ionic strength 0.1 M).
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Figure 12. Bending behaviors of alginate filns with 5 wt%
crosslinking agent with the applied voltage in NaCl and KCl
electrolyte solution (ionic strength 0.1 M) for 5 minutes.

polyion  shilding effect polyion
01 M
. Figure 12 NaCl,
KCl ( 01 M)
5
. NaCl, KCl

4.

5 wt%

5 wt%

199



200 Kimetal. Polymer (Korea), Vol. 27, No. 3, 2003

5 wit% . 123 (2001).
6. S. Y. Kim, H. S. Shin, Y. M. Lee, and C. N. Jeong, J. Appl.
) Polym Sa., 73, 1675 (1999).
0.1 M 7.T. Kurauchi, T. Shiga, Y. Hirosg, and A. Okada, Polymer Gels, D.
De-Rossi, Editor, Plenum Press, New York, p 237 (1991).
8. Y.J Song, W. S. Shim, H. K. Kim, H. R. Chai, H. M. Kim, J.
W. Jeon, Y. K. Leg J. D. Nam, and D. S. Lee, Polymer
(Korea), 25, 736 (2001).
9. T. Shiga, Y. Hirose, A. Okada, and T. Kurauchi, J. Appl.
Polym ., 47, 113 (1993).
2000 10. M. Doi, M. Matsumoto, and Y. Hirose, Macromolecules, 25,
5504 (1992).
11. T. Shibuya, H. Yasunaga, H. Kurosu, and I. Ando, Macro-
nmolecules, 28, 4377 (1995).

References 12. T. Shiga, Adv. Polym Sdi., 134, 131 (1997).
13. A.Haug, B. Larsen, and O. Smidsrod, Acta Chem Scand,, 21,
1. S G. Wax, R. R. Sands, and L. J. Buckley, Hectroactive 691 (1967).
Polymer, O. M. Zhang, Editor, Materials Research Society, 14. A. Haug and B. Larsen, Acta Chem. Scand., 16, 1908
Pennsylvania, p 3 (2000). (1962).
2. Y. Osadaand J. Gong, Prog. Polym Sdi., 18, 187 (1993). 15. A. H. Clak and S. B. Ross-Murphy, Adv. Polym ., 83,57
3. M. Shahinpoor, R. Sdomon, and S. Neogi, Smert Mater. and (1987).
Sruct., 1, 91 (1992). 16. D. A. Rees, Pure Appl. Chem, 53, 1 (1981).
4. Y. Bar-Cohen, Handbook on Biomimetics, Y. Osada, Editor, 17. W. R. Gombotz and S. F. Wee, Adv. Drug Delivery Reviews,
NTSInc., Tokyo, Chap 8, p 134 (2000). 31, 267 (1998).
5. P. Calvert, Electroactive Polymer (EAP) Actuator as Artificial 18. D. A. Reesand E. J. Welsh, Angew. Chem. Int. Ed. Engl.,
Musdes, Y. Ba-Cohen, Editor, SPIE Press, Washington, p 16,214 (1977).

200 , 27 3 , 2003



