No.9
2009 9 ACTA POLYMERICA SINICA Sep. 2009
710129
PVA
. NaCl
NaCl . 0~0.2 NaCl
0.300 ~ 0.356 MPa 91.5 ~ 137.8 kPa 32.0% ~37.5%
NaCl
NaCl 0.005
pH
11
- PVSK
pH ’
1~6 12
20 80 . 1982 Tanaka 7 1
/11
1.1
. 1985 1799 1700 + 50
Hirotsu 999% 7.49 x 10*
s 85 %
Shiga  Kurauchi 1%
_— ’ . 1990
Shiga . SS1791-
10 0 ~30 V Tensor27
Bruker 772s
* 2008-10-20 2009-01-12 NPU-FFR-JC200823 *% E-mail

liugenqi @ nwpu.. edu.. cn

922



9 923
1.6
1.2
1.2.1 P-PVA
PVA 0.4 g 1.77 g 85% 2 mL NaCl
2 mL 70 ~ 13 mm x 2 mm x 0.366 mm
90°C 2~4h
95°C 3.2 cm .
9h 20 mL
Y
12 h
50°C €
78.1% . a "
e = 6DY/L’
Y D L
1.2.2 CrP-PVA 1
1.5 ¢ 10 mL
80 ~ 90°C P-PVA ! }_D/
50°C 1% _
0.6 mL 1 mol/L pH=1.0~1.5 , ===
— S0 NaCl solution :_::_ ::E Hydrogel membrane
Carbon electrode < —= [ — = H—Carbon electrode
6 h
'ig. 1 Schematic illustration of measurement under D . C. field
1.3
2
KBr TENSOR27
PVA P-PVA  CrP-PVA 2.1
2 a b
1.4 c b a
1260 cm™' P—0
NaCl 1100 cm ™' C—0—
p
S,
S, = W.-Ww, /W, 19.98% . ¢ b 1260 ¢m™
W, W, 1100 cm ™' 2930 c¢m”!
15 —0—(|:H—o— C—H
NaCl 30 mmx5 22
mm X 0.366 mm
. NaCl
3
P, NaCl
8 min


Absent Image
File: 0


924 2009

2f e
k=t 10 F \I:I
g \D
o0
§ § 8 \D
8 O]
z g °f
s k=
g ER
'3
o
S
0 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20

1 1 1 1
3000 2500 2000 1500 1000 lonic strength
Wavenumber (cm ™)
? 4 Equilibrium swelling ratio of phosphorylated polyvinyl alcohol

hydrogel in NaCl aqueous solution of different ionic strengths
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' 3 Swelling kinetic curves of phosphorylated polyvinyl alcohol

hydrogel in NaCl aqueous solution of different ionic strength

' 5  The effect of the ionic strength of NaCl solution on the
Young’ s modulus of phosphorylated polyvinyl alcohol hydrogel
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15V t=20s

t=0s b

Table 1 The Young' s modulus tensile strength elongation at break and equilibrium swelling ratio of CrP-PVA hydrogel PVSK hydrogel gelatin chitosan
and semi-PNIPAm/PAm *

CrP-PVA PVSK Gelatin Chitosan semi-PNIPAm/PAm
Solvent deionized water 0.1 mol/L NaCl 0.01 mol/L. NaCl deionized water deionized water
E MPa 0.300 1.186 4.29% 1073 — 0.101
P, MPa 9.15x 1072 0.154 5.11x1073 3.43x 1073 —
e % 32.0 16.7 110 58.0 —
S, 11.61 4.11 8.70 1.30 7.80
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' 7  Bending kinetic curves of phosphorylated polyvinyl alcohol

hydrogel under different voltages in 0.02 mol/L NaCl aqueous solution
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' 6 The photography of electro-stimulate response behavior of
phosphorylated polyvinyl alcohol hydrogel in the deionized water under
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- 8 The effect of ionic strength of NaCl solution on equilibrium
strain of phosphorylated polyvinyl alcohol hydrogel at 6 V voltage
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' 9  Bending kinetic curves of phosphorylated polyvinyl alcohol

hydrogel under different voltages in deionized water
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. 10 Response of bending of phosphorylated polyvinyl alcohol
hydrogel under a cyclically varying electric field from 6 V to - 6 V

every 60 s
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ELECTRO-STIMULATE RESPONSE BEHAVIOR OF PHOSPHORYLATED
POLYVINYL ALCOHOL HYDROGEL

ZHENG Yunhua LIU Genqi CHENG Yongqging YANG Shiwen

Department of Applied Chemistry — Northwestern Polytechnical University ~Xi' an 710129

Abstract A new phosphorylated polyvinyl alcohol hydrogel was prepared by the crosslinking reaction of
phosphorylated polyvinyl alcohol with glutaraldehyde taking the urea as the catalyst in the phosphorylating reaction
of polyvinyl alcohol. Swelling performance mechanical properties and electro-stimulate response behavior of the
phosphorylated polyvinyl alcohol hydrogel were studied . The experimental results show that its equilibrium swelling
ratio decreased as the ionic strength of NaCl solutions increased and the mechanical properties of phosphorylated
polyvinyl alcohol hydrogel swollen in the NaCl aqueous solution of the ionic strength range of 0 ~ 0.2 were shown as
follows 0.300 ~ 0.356 MPa of Young' s modulus 91.5 ~ 137.8 kPa of tensile strength and 32.0% ~ 37.5% of
elongation at break and they all increased with the increasing of ionic strength . The phosphorylated polyvinyl alcohol
hydrogel bended toward the cathode under non-contact D. C. electric field in deionized water and NaCl aqueous
solution the bending speed and strain increased with the increasing of the applied voltage and there was an ionic
strength of 0.005 at which its bending speed and strain reached their maximum values. That could be explained as
follows. When the ionic strength of NaCl solution is lower than 0.005 the increase of ionic strength of NaCl solution
induces the increase of free ions moving from the surrounding solution toward their counterelectrode or into the
hydrogel so the bending speed and strain increase. However if the ionic strength of NaCl solution is higher than
0.005 a shielding effect of the polyions caused by the ions in the electrolytic solution occurs leading to the decrease
of the bending speed and strain. Under a cyclically varying electric field the hydrogel exhibited a good reversible
bending behavior. The hydrogel may be applied to the fields including artificial muscle robotic actuator and
micromechanics etc .

Keywords  Phosphorylated polyvinyl alcohol hydrogel Swelling Electro-stimulate response Bending Ionic
strength





