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FE-SEM images of HBC/PANI composite gel membranes with different reaction time: (a) 15 min,
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Fig. 2 FTIR spectra of pure BC, PANI, HBC/PANI and

LBC/PANI composite gel membranes
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Fig. 4 FE-SEM images of LBC/PANI composite gel membranes with different reaction time: (a) 15 min, (b) 30 min, (c¢) 60 min, (d)

90 min, (e) 120 min and (f) 150 min
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Fig. 7 Equivalent circuit diagrams of AC impedance
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Fig. 8 AC impedance of HBC/PANI and LBC/PANI composite gel membranes: (a) 15 min, (b) 30 min, (c¢) 60 min, (d) 90 min,

(e) 120 min and (f) 150 min
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Table 1 The parameters of AC impedance of BC/PANI and Dry-BC/PANI composite gel membranes
Sample Reaction time ( min) R.(Q) R, (Q) n Tonic conductivity (S/cm)
15 0.8858 1127 0.8956 3.76 x10 ~°
30 1.093 470 0.922 9.02 x10°7°
HBC/PANI 60 0.7052 524.8 0.8948 8.08 x10 >
90 0.8206 294.6 0.9415 1.44 x10°*
120 0.8123 1210 0.9039 3.50 x10°°
150 1.683 155.9 0.8772 2.72 x10°*
15 1.424 904. 1 0.8985 4.69 x10 7
30 0.7612 548.9 0.8989 7.72 x10 73
LBC/PANI 60 1.312 376.6 0.8473 1.13x10°*
90 6.163 283.7 0.8626 1.49 x10 4
120 8.975 332.7 0.8757 1.27 x10 74
150 14.45 240.7 0.8129 1.76 x10 ™*
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0 Y — N UGN
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3 7 . PR IHTHIER A2y 0. 41 MPa, T J7 45 10 BE 19 $i0 1L 38
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| / / /
0.00005 7 é Z é 7 Z Table 2 Mechanical properties of HBC/PANI and LBC/PANI
0 % % % % % % composite gel membranes
15 30 6 9 120 150
Reaction time (min) Saumnl Reaction Tensile Elongation
ampie time (min) strength ( MPa) (%)
Fig. 9 Tonic conductivity of HBC/PANI and LBC/PANI Pure BC 021 516
composite gel membranes 15 0: 21 42: 8
30 0.18 44.7
KR SR B B 2 L R A O e 013 7.0
2.6 NFMEESH 120 0.13 37.9
I G B B R 1) 77 27 Pk e R e L A — 1 150 0.12 25.1
. _ o _ N 15 0.17 53.1
Egi}ﬁ,Z:IEJ/E’\7KEZ:IE]&@HTJ‘IEI—FE/‘JE@@7‘3 30 0.17 47.9
@ﬁ%éﬁﬂu 10 FJ?ZT_\‘ ,EIUEILH%VBS’%7J(5§E/‘J LBC/PANI 60 0.17 46.1
T e . 90 0.14 46.4
BC/PANI 4 4 5 I I 40 52 50 i1 78 ) 1 20 » o !
FROE. RORREA B 10 T 2= PERBAR 22, o | ABIR T 150 0.13 46.0
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Fig. 10 Tensile stress-strain behaviors of HBC/PANI and LBC/PANI composite gel membranes: (a) 15 min, (b) 30 min, (c¢) 60 min,

(d) 90 min, (e) 120 min and (f) 150 min
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Effects of Water Content on Preparation and Properties of Bacterial

Cellulose/Polyaniline Composite Gel-membranes

Li-na Yue, Yu-dong Zheng " , Jia-bin Luan, Yi Yu, Ya-jie Xie, Jian Wu

(School of Materials Science and Engineering , University of Science and Technology Beijing , Beijing 100083)

Abstract Bacterial cellulose ( BC) nanogel-supported polyaniline ( PANI) conducting polymer composite
gel-membranes with different water contents have been synthesized via in situ polymerization of aniline onto
bacterial cellulose scaffold. Preparation conditions such as water content and reaction time, were systematically
employed to achieve high conductivity. The effects of water content and reaction time on the composites’
properties were intensively studied. The resultant high water content bacterial cellulose/polyaniline ( HBC/
PANI) and low water content bacterial cellulose/polyaniline ( LBC/PANI) composite gel-membranes were
fully characterized in terms of structure and morphology. The morphology of HBC/PANI and LBC/PANI
composite gel-membranes was observed using a field-emission gun scanning electron microscope ( FE-SEM) ,
which demonstrated the PANI were polymerized in the network of BC. Four-probe conductivity tests showed
that the best reaction time was 90 min,and samples with low water contents exhibited conductivity as high as
1.72 x10 7> S/cm, which increased by 57. 8% compared to that of HBC/PANI, but complete drying displayed
poor conductivity. Alternating-current ( AC) impedance measurements proved that ionic conductivity of BC/
PANI composites with lower water content was improved. The ionic conductivity of HBC/PANT is 1. 44 x 10 ~*
S/em and that of LBC/PANT is 1.49 x 10~ * S/cm. The mechanical property tests indicated the obtained BC/
PANI composites possessed good mechanical properties, with tensile strength of 0. 21 MPa. Besides, low water
content could remain good mechanical property. Furthermore, the growth mechanism of BC/PANI composite
gel-membranes may be interpreted as first aniline dispersion onto BC nano-fiber network with the hydrochloric
acid ,and secondly in situ polymerization of aniline with oxidant ammonium persulfate ( APS).

Keywords Bacterial cellulose, Polyaniline, Water content, Conductivity, AC impedance, Mechanical

property
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