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BHA o Aol oF 15 pm, % °F 70 nmE FHH] 2140130tk FH7E F5F HEATS W] AR JMIA]
A Ak F 79 e AlFsiaL dF 9 A71A B ARSI E ARgduto® Alxe] ¢ HH BCU& 2=
o] 2 mm, Z°] 50 um 7F7ﬂi & A Al JEEeke FEE & 1 ol AgNwe} 1S A9] Wit
EA O Z AGNW H7FES T 350 um, AARET 1.53x10"%em?, A0S 6.63x10° cm?/Vs, BIAE 0.28 Q-em®
7V 953 47148 5498 Ad Aoz HrE ek, ek el MM FA 360 pum, AAFEE 7.74x10/em?, A}
O % 0.17 em®/Vs, H]A S 4.78 Q-emC] 31T}, 550 nm FFIR= AgNW H7F 98.1%, 121 M7} 80.9%% F43h
A glo) f‘fé“&]&iﬁ} W5 o] gt § AdEjelA] LED As A#elA A7-2 7)ol Ajol7} ot Eol AR
T} 15045 °Co] FellA wieejop AER @ 2~ vk 7 uhe- PFsI ot 22 719 PET= FEl7t AskA HE
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Abstract — A transparent film was fabricated based on bacterial cellulose (BC), BC has excellent physical strength and
stability at high temperature and it is an environmental friendly flexible material. In order to improve the conductivity,
silver nanowire (AgNW) and/or graphene were introduced to the BC membrane. The aspect ratio of the AgNW syn-
thesized in this study was 214, with a length of 15 um and width of 70 nm. The higher aspect ratio improved the con-
ductivity by reducing the contact resistance. The thermal and electrical properties of 7 types of films prepared were
investigated. Each film was fabricated with rectangular shape (2 mm x 2 mm x 50 um). The films were scored with a net
shape by a knife, and filled with AgNW and graphene to bestow conductivity. The film filled with AgNW showed favor-
able electrical characteristics with a thickness of 350 pm, electron concentration of 1.53x10"°, electron mobility of
6.63x10°, and resistivity of 0.28. The film filled with graphene had a thickness of 360 um, electron concentration of 7.74
x10'7, electron mobility of 0.17, and resistivity of 4.78. The transmittances at 550 nm were 98.1% and 80.9%, respec-
tively. All the films were able to light LEDs bulbs although their brightness differed. A thermal stability test of the BC
and PET films at 150+5 °C showed that the BC film was more stable, whereas the PET film was quickly banded. From
these results, it was confirmed that there it is possible to fabricate new transparent conductivity films based on BC.
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Acetobacter xylinum KI1 BC A2 AR89 Glu-Fruc
Hljx] e A AAFsFRATEH6,16]. WA S] = AdE-2 0.5% (w/v) glucose,
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Atz A1Z1 vre|glo} AEZ @A B3 PET[poly(ethylene
terephthalate)]2] 44 FgAS vl F71517] 9151 hot plateE
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Fig. 1. The thermal stability test of BC(a) and PET(b) films at
150+£5°C.
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Fig. 3. Photos of the various films (a; BC, b; BC + AgNW, ¢; BC + AgNW + graphene, d; BC + graphene, e; BC + AgNW + PEDOT, f; BC +

AgNW + graphene + PEDOT, g; BC + graphene + PEDOT).
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Table 1. Thickness, optical transmittance, electron concentration, electron mobility, resistivity and sheet resistance of fabricated films

Thickness Transmittance Electron Concentration Electron Mobility Resistivity Sheet resistance
(um) (550 nm) % (1/em?) (cm?*/Vs) (Q-cm) (Qsq.)
a 325 - - - -
b 350 98.1 1.53x10" 6.63x10° 0.28 8.00
¢ 340 77.6 5.60x10" 21.68 5.14 151.18
d 360 80.9 7.74x10" 0.17 478 132.78
e 340 68.3 2.02x10" 4.05 7.65 225.00
f 380 379 1.61x10'¢ 3.94 9.88 260.00
g 315 412 1.74x10" 3132 11.49 364.76

a:BC, b: BC+AgNW, c: BC+AgNW+Graphene, d: BC+Graphene, e: BC+AgNW+PEDOT, f: BC+AgNW-+Graphene+PEDOT, g: BC+Graphene+PEDOT
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Fig. 4. Light transmittance spectra of the various films in the visible
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Fig. 5. SEM images of the various films (a; BC, b; BC + AgNW, ¢; BC + AgNW + graphene, d; BC + graphene, e; BC + AgNW + PEDOT, f;

BC + AgNW + graphene + PEDOT, g; BC + graphene + PEDOT).
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Fig. 6. Photos of the LED bulbs llghtmg test in plane condition (a; BC, b; BC + AgNW, ¢; BC + AgNW + graphene, d; BC + graphene, e; BC
+ AgNW + PEDOT, f; BC + AgNW + graphene + PEDOT, g; BC + graphene + PEDOT).

Fig. 7. Photos of the LED bulbs lighting test in bent condition (a; BC, b; BC + AgNW, ¢; BC + AgNW + graphene, d; BC +graphene, e; BC +
AgNW + PEDOT, f; BC + AgNW + graphene + PEDOT, g; BC +graphene+ PEDOT).
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