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Abstract — The study was focused to evaluate the possibility for combination membrane of bacterial cellulose (BC) and
graphene with high electrical properties. BC with natural polymer matrix was known to have strong physical strength. For the
combination of graphene with BC, the surface of graphene was modified with oxygen plasma by changing strength and time of
radio waves in room temperature. Water contact angle of modified graphene grew smaller from 130° to 12°. XPS analysis
showed that oxygen content after treatment increased from 2.99 to 10.98%. Damage degree of graphene was examined from
1,/1; ratio of Raman analysis. I,,/I; ratio of non-treated graphene (NTG) was 0.11, and 0.36 to 0.43 in plasma treated graphene
(PTQ), increasing structural defects of PTG. XRD analysis of PTG membrane with BC was 20 same to BC only, indicating
chemically combined membrane. In FT-IR analysis, 1,000 to 1,300 cm™ (C=0) peak indicating oxygen radicals in PTG mem-
brane had formed was larger than NTG membrane. The results suggest that BC as an alternation of plastic material for
graphene combination has a possibility in some degree on the part like transparent conductive films.
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2-2-1. X-ray photoelectron spectroscopy
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Fig. 1. The structure of plasma reactor.
A: Vacuum Pump E: RF powersupply
B: Support F: Pressure gauge
C: Copper electrodes G: Motor
D: Reaction chamber I: Oxygen gas
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2-2-2. Raman analysis
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2-3-1. Scanning electron microscope
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2-3-2. X-ray diffractometer
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High resolution X-ray diffractometer (A]ZA}; Rigaku, Japan) Model:
D/MAX Ultima 71712 #4313t}

2-3-3. Fourier Transform Infrared Spectroscopy
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2-3-4. Tensile modulus and tensile strength test
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Fig. 2. The contact angle of G (a) and PG (b), insert pictures are water
dispersion types.
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Table 1. Carbon and oxygen content after plasma treatment in various
conditions

Conditions of

Name Peak BE FWHMeV  At%
plasma treatment

Non treated b Cls 285.21 2.11 97.01
O HEAECEIEPANE 015 5332 3.62 2.99
. Cls 284.84 221 96.61

50 W, 10 min
Ols 532.34 3.58 3.39
. Cls 285.21 2.14 96.27

50 W, 20 min
Ols 532.68 3.47 3.73
. Cls 285.23 225 89.37

50 W, 40 min
Ols 533.13 3.05 10.63
. Cls 284.86 243 89.02

100 W, 20 min
Ols 532.7 337 10.98
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Abaghego] ot FrkeR=t] 1At Wolrt 50 WellA] 20 Zeh=
v} 223k 7390l = A3k 3.73%% 01, 50 WollA] 40 218
gk ZA9-ollE 10.63%% F43] =okslth 100 WellA] 202 *2jgk
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o7 AlgEH, o= g Bwo] ZelAvk g 2 AAE S-S
5=

3-3. Graphene2| raman £A1
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L] WA o5 gotiy] QlEA iRk BA4E AAEIGIT
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ole] A HlE 5O% Hof U T IHd e vehta Qict
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—— Hon-treat graphene
6000 - 50 W, 10 min
50 W, 20 min
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Fig. 3. Raman analysis (1; G, 2; SOW, 10 min, 3; 50 W, 20 min, 4;
50 W, 40 min, 5; 100 W, 20 min, PG).
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3-4-3. A3t FT-IR 4
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Fig. 4. The SEM images (section) of BC+G (a), BC+PG (b) membranes.
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Fig. 5. X-ray diffraction of BC (a), BC+G (b), BC+PG (c) membranes.

102 4 Only BC membrane
------ Graphene and BC membrane
— — — Plasmatreated graphene and BC membrane
oy ™
=
Q
o
c
£ \
\
5 ; l
® [ 1 ’
% L) " P8 bofa
- J o 8 o & 8 [FRTA 14
- 92 i N o ~ [
° 5 i o |
j o v N
90 + =
C=0
— >
88

2000 1800 1600 1400 1200 1000 800 600
Wave numbers (cm™)

Fig. 6. FT-IR spectra of BC, BC+G and BC+PG membranes.

o2 A9} Aget gk Mot} Wi Zekn) 23k s
A7¥ek AgPol A= 1635.64, 1271.09, 1064.71, 808.17, 667.37 cm ™' ©]
QoI 1157.29, 991.41, 977.91 cm™ W=7} Aj2o] B E o] C=0
ZAgo] Wo| A= 95 HolFgiet. o] AvE Fefzmf MeE
SF 18 2] 2k gl BCO] OHZF A= 3184 Aok 38l A3
e AlAFeRaL Qlct.
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3-4-4. A3t A7|dEE 9 /A

A7) AEE 5 APE AN A AdE 2] {o3t AolE
Eol5A] S5l th(Data not shown). 0= Z2F=r| A= ¥4 7|
A el EAskE Ak whitel] Mk Jhdel Ees A
58t A0 g Alzg) o]9} T2 A Feng[13]5°] 74 W54
A=l 2-83k7] QlaiA 2] A 283 Atk e g
A7} F st} g A3} A, olof Begke] AgurS Alxd &
of A71A AAE A flEix] F7H 0 R ofite] A&
A D o7} J& A og Alrdn Yo} niAt §3 249
7|Hko 2 o] 837 flsliAE BCO 98t A A=E AHAE F
27} Qitk 2 Al A5 AE Table 200 YERA vl 7o)
Axrsl A2 M3 A7 BC(35 MPay= g 2] wjekst BC(122
MPa)ell HI31A Q17 oF 28% AE7kA] Wolxit), ol 7hak
of oJaiir BC 222 el 75yt okske Zlo = gkt 7
u Eetznt A e 2ews Hrkstel A ek Bk AElA] ok 1
WS H7Fe ol vl L=} PTG 0.04% H7HE 39.5
MPai °F 11% 57 Z10% ERIFQ]th. o]= PTG} BC7} 318}
A ATS FAsIS716] AT FES 71X Ao= Al
TI8v PETE T 65 MPayE tlAlsH] $18iMi= BC] 284 e
£ AEA71A] b= g8l ] Aot Fasit o)ell BCE 831
A7 o R Aiks) A7 glelx dvtkeld A o R Al
ollA] 7% NaOH/12% Urea] &3=8-9 0 2 DP~7002] AZE=Z 2~
= ogho® £3)4]7]1= NaOH/urea 2] [24,25]HHo] 1o,
TEMPO (2,2,6,6-tetramethylpiperidine-1-oxylradical) & |85}

Table 2. Various contents graphene and BC combination membranes
of tensile modulus and tensile strength

Tensile modulus Tensile strength

Membrane (MPa) (MPa)

Static culture Bacterial cellulose 6612.25 122.01

PET 2800~3100 55~75
Only Dissolved BC 1459.4+52.1 35.4+4.6
NTG 0.001% 1277.3+48.5 24.84+4.5
NTG 0.01% 1317.3+41.6 29.443.8
NTG 0.022% 1392.1£69.3 30.8£3.4
NTG 0.04% 1457.1+46.1 33.5£2.8
PTG 0.001% 1491.1£75.3 37.943.5
PTG 0.01% 1585.6+44.7 36.1+£3.6
PTG 0.02% 1602.8+94.8 38.242.1
PTG 0.04% 1671.9£91.7 39.5+4.6
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