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ABSTRACT : Alginate is a natural 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 films with 5 wt%
crosslinking agent showed the highest bending angle and reversible bending behavior. When the ionic strength of
NaCl and KCl electrolyte solution was 0.1 M, the films showed the highest electroresponse. The bending
behavior of the films increased with the applied voltage.
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Figure 1. Schematic representation of alginate crosslinked by
calcium ions.
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Chemical Co., Japan)y= F7} AA| glo] AL&3tgc) A3l
A2 = 93 }EF (NaCl, Han Yang Chemical Co., Korea)
7} A3}EE}E (KCl, Dae Jung Chemical Co., Korea)& A}
E3t5lel. 223 pHYll WE HEE SAA BF 92
41 (Dae Jung Chemical Co., Korea)> A&}t
52 Az 2 B4, 3 wi% LAUe|E SgelS A
F31L 72| AR EEES AAT F J1EE AA
7] A AL 7]F spellA 308 T+ whA] skl
Az AL A A Zro Aadd & AF
224 30 TR 48A17F B9t ZAxAZc) o12A A
Z¥ dAYo]E HE-S |, 3,5, 7, 10 wt% CaCl, £
(04 g/mLyell Z+2 30+ &< HAAAL & SHFE o
HH AjFsle] vpi-E5 A ABIC) Figure 20 2E
2] Az WY

=

59 7taAe Fxe
wE 98 545 B ‘}7] HEH TGA (TA-2000, Du-
pont)yS ARE-3}e] ALE-L7] (N, flow rate: 50 mL/min)
o] 4] %2 (heating rate: 5 C/min)?'ﬂ-“ﬂ Al A3l A

23 A7) A 229 JAE EHE dohus] 9
st QAP SRk slaAd FEg vl
A skl 2 QlarEe] BE FEol wAE Gl o
s ZAbstgn) AR FAE FAZA7] (PG-02, Tec
lock, Japan) S AHg3}e] 53] AT Fake Aol
( : , , A
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3 wt% Alginate solution preparation
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Film drying (for 2 days at room temp.)

Immersion into CaCl, solution (1, 3, 5, 7, 10 wt%)
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Final drying (at room temp.)

Figure 2. Schematic representation of fabrication of alginate
films.
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Figure 3. Schematic diagram of an electrically driven bending
behavior test apparatus.
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Figure 4. TGA thermograms of alginate films with degree of
crosslinking.
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Figure 5. Tensile strength and elongation of alginate film with
degree of crosslinking in wet state.
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Figure 6. Swelling 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)
at5 V.

Figure 9. Photographs of reversible bending behavior by al-
ternating current of 5 V every 2 minutes in electric field.
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Figure 10. Reversible bending behaviors of alginate films with
degree of crosslinking by alternating current of 5 V every 2
minute in NaCl electrolyte solution (ionic strength 0.1 M).
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Figure 11. Effect of ionic strength of NaCl electrolyte solution
on electro-response of alginate film with 5 wt% crosslinking
agent at 5 and 10 V for 5 minutes.
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Figure 12. Bending behaviors of alginate films with 5 wt%
crosslinking agent with the applied voltage in NaCl and KCl
electrolyte solution (ionic strength 0.1 M) for 5 minutes.
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