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Abstract — In this study, we tried to add the conductivity to natural polymer like bacterial cellulose (BC) coated with
the conductive polymer PEDOT:PEG, graphene and silver nano-wire (AgNW). Sulfuric acid of 10 to 20% was previously
mixed with PEDOT:PEG and then the solution was electron spin-coated on the BC membrane. And then, additive coating with
graphene and AgNW were done to improve conductivity, which was examined by hall effect. As the result, we confirmed a con-
siderable improvement of conductivity compared to BC-coated film without sulfuric acid treatment as 2.487x10'° vs
8.093x10" (1/cm®), showing higher electron density with 3.25x10° times. Also, we identified that changed particle type to the
polymer type by sulfuric acid using SEM analysis. For FT-IR analysis, it was confirmed that S-O radical (1200 cm™) increased in
the sulfuric acid treatment than non-treated sulfuric acid. As the method used very small amount of PEDOT:PEG its
transparency could be kept, and pre-treatment process of sulfuric acid will be able to simplify the production process.
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2. Materials and Methods

2-1. PEDOT:PEG2} ENHEH S5l HiI=

Propylene carbonate®ll 4tE 0.8 wt%] PEDOT:PEGE
(Aldrich, USA)¥} 2H:H(Daejung chemical Ltd, EP 5+, Korea) 98%
fNE ARSI 10%2] PEDOT:PEGS} SHAFES e PEDOT:
PEG£ 900 pL2} 341 100 uLs E3tato] 2 41210 m 20%2]
PEDOT:PEG 9} #H4+&gol e PEDOT:PEGE¢) 800 uL &} 24k
200 pLE E3aleh. Etele QP o] AR Qlste] mle] Az
sto] RkebA] okl ARE-E W Qe vk A A|Z2Ete] AR

s,

45 919k PEDOTPEGS} BAREFHY 7119
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2-2. BC A1

BCA AT Acetobacter xylinum KJ1 = Son's[12]0] =&l $+
Aoz AANAI= Gluc-Fruc BIA|[1315 AHE-8FITE. Acetobacter
xylinum KJ1-& Gluc-Fruc LA )R] | 4] wljeFst colony $F 7S #
3to] Gluc-Fruc HIA] 100 mLell F&¢E 3= 30 °CollA] 36413 A |l
9ka}al 015 homogenizer (Nissei, A-7) 10,000 rpmol| A 1837} &
gk 5 2 wjekele] 4%® 31F35ko] 30 °C, pH 5.25, 10 52t 4
ek skith. AAE BC pelliclee 0.1 M NaOHE <l o] o]
80 °CollA| 20327t ol TAIE &3IA F, THTE Tl 2H
T3] FAllekaL 4 °Coll] A AlA KBigk Zle o8-8t

O O

2-3. BC2| EAkE} Soliet 9t H=

BCi= Alexandra®} Mitchell[14]0] #|2F3t 2Aks} HpH o &2 Az
5} ethyl acetate (Junsei®] GRS=) E1llof] w50 g0 2 whE])
101 g2 P,05 (Junsei®] EPEH)E 250 g HNO; (A AT 93%;
Matsunoen chemicals Ltd. GRSl ¥al A4k EtNS A%
Shtt 1.0 g2] BCE 40 mLe] Aaked &5 g-9dof] HXA171 3, 20°C
A 203 HEEAIZ) T S Al 28 5%2] Na,CO, (OCI
company Ltd. EP 55) §H 02 Z3AA T/ A& st}
100 °CollA 20 E3F SEAZ) AL B8 AAS F SH5Z 33] A1F
3t} Methanolol] 10583t B2 3 methanolS A4 A]171 3 50 °C
QB e8] AFAIZ] 200 mL2] ethyl acetate®]] 8314 71T},
BCENE &7]0l il 259H2 2 7| X5 AAA7| 2L A2
hood Wlell#] 7AZ=AIA 2hE AASISAT

2-4, MXIAEIRE]

Ak} g3l = A2 BCuhs At A7) A=a v A
3 A& glo]s] x7}o] glo|Z & 117Y5}o] <1t} PEDOT:PEGH
FAF E3HE-AE ZH2F 100 pLE 53418k 3§, SPIN Process controllers:
o]-g3to] 1,000~2,000 rpm O & 20%, 3032 E¢F IHYA| It 7H
ot & dho Holgl= ks TRTE AHT 5, ) e st
A gl A3lE WHsl] flsto] A2 b oA xsint

2-5. Fourier Transform Infrared Spectroscopy (FTIR)

FE9 AR WskE gkl f1eiA freltel PEDOT:PEG}
Gk 38 20 s A sk XA A3} ellekE 4,900 ulL
27} 2] PEDOT:PEGTH 34t £3H8-o1-5 100 ul £33 &4
KBri} &3] 2] 5107 pellet® 2 HE0] 2431900}, 2 9] 418
%71 (Infrared Spectroscopy, IRPrestige-21, Shimadzu, Japan) 35
ATEFATE. IR spectrum= 400-4,000/cm2] 3+ 50/cm T =
21313 Fourier transforms: ©]-§-3t0] Wh=A F-&-5 Vb=
RNk A
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2-6. Hall effect 58

Az we] 77 57d ol Digital micrometer (Mitutoyo)E ©1-§
ato] FdatA AlSeraint. w15t ve] 1714 SAS B7keb] Sl
3|4 Hall effect measurement system (EQK)< ©]-8-3fo] Az %
A o] A, el B L v1A & SStsick. Hal
effect 7]7]3-4] 972 oF 20 °C9] A4 F I 50% O] 5ol A]
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2-7. LED M7 MS AH
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2-8. Scanning electron microscope (SEM)

BCell R AIZ] PEDOT:PEGS] 1A 2] A7 2] 5-2] 379
GEE etstual AAPEE FARIARERZ Cold Field Emission
Scanning Electron Microscope (A %A} : Hitachi, Japan), Model :
S-4700= ol-g-afo] PRIt Bolgh WS flaiA s o]
F A £l carbon tapeE- o]l 11 5lo] SIS

3. Results and Discussion
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PEDOT:PEGS L33}l 7AZA|X] Fof 3Akg-olS Azl 2
Al A R SR ARAS IIATIE A FAke] 2t gar
Tl 29 EE AZto] 7
10~20%= 41> §9-5 vlg
sto] BCEMel A/ RS ZRAIFCH o3 o
PEDOT:PEGE "|g] 3t M shs 19 W o2 H=/d gt
Azl Ael= TAAIe] i GEF AL ol o] 83 S
2k AR EQ),

PEDOT:PEG®]| 175 5.2] 318 2] 2)shd A5 o)A wh-s-S
Z3 A 3o ofol 23} 20]&0] PEDOT A EA2} PEG A
AAE LA Aoz ATA L322 A o] Lot Axpd o
2 ARFZE A yAEEe] B4S =7 "t o] Fig. 1014
Holi= 213} o] gitAle] ¥4 92 PEDOT:PEGE ()19 7
2] PEDOT A=AE 2delel 22 A4 2442] PEG XA A7}

[

C 15.0kV

PHE2 15.0kV 12.1mm x2.00k SE(V)

Fig. 1. SEM images of (a) PEDOT:PEG, (b) PEDOT:PEG +10%
Sulfuric acid, (c) PEDOT:PEG + 20% Sulfuric acid.
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Fig. 2. SEM images of (a) PEDOT:PEG, (b) PEDOT:PEG + 10%
Sulfuric acid + AgNW +Graphene (¢c) PEDOT:PEG + 20%
Sulfuric acid + AgNW + Graphene.

e FElE vehdls 3ol vlal] 10%2] 34ks &%
< PEDOT AEA7F AFCE AZ MEYIAE
Ao % bt 22u 20%2] gito] 3k (o)1
gt 723 xolg YER I QAT () LHAE THE
eI glet. o] st AdS ARIRke &2 whdsh] ol vl -
Shnt Sake] ko] Wolilel] whE PEDOT A =A2] A g5l 2
s 274 o] Z7kE At} Fig 29 (0)9) (of= 242 10, 20%
ato] Ty A nEAENo 7 FEF 5 AL B4l
AgNWS} grapheneS =7} FA} A~ FRSE oo} vhjRefo =
Hol= Flo] AgNwolH E4f-2 st B 8-& RHoli= Z1o] graphene©]
o} A~y sge] oaf o] st AEA QAL Al Hol| o8 EolA)
A B2 o] Yojwit,

Fig. 39141 ¢} 2] PEDOT:PEG €3} 10, 20%2] SHita} E33)
MG oflghZol] A #AF AR A3} (by= A A E]ehA] o> B0

@® PEDOT:PEG @ PEDOT:PEG+ (3 PEDOT:PEG+ © PEDOT:PEG @ PEDOT:PEG+ ® PEDOT:PEG+
10% Sulfuric acid 20% Sulfuric acid 10% Sulfuric acid 20% Sulfuric acid

Fig. 3. (a) PEDOT:PEG, PEDOT:PEG + 10% Sulfuric acid, PEDOT:PEG
+20% Sulfuric acid, (b) PEDOT:PEG, PEDOT:PEG + 10%
Sulfuric acid, PEDOT:PEG + 20% Sulfuric acid in EtOH, (c)
Dropped Solution on the glasses., (d) Dried condition of Dropped
Solution on the glasses.
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3-2. LED M7 S A
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Fig. 4. LED bulb lighting test (a) PEDOT:PEG, (b) PEDOT:PEG +
10% Sulfuric acid, (¢) PEDOT:PEG + 20% Sulfuric acid.
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Fig. 5. Photo images of (a) PEDOT:PEG, (b) PEDOT:PEG + 10%

Sul-
furic acid, (c¢) PEDOT:PEG + 10% Sulfuric acid + AgNW +
Graphene (d) PEDOT:PEG + 20% Sulfuric acid (¢) PEDOT:PEG
+ 20% Sulfuric acid + AgNW + Graphene.

3-3. Hall effect 54
A712R1 EAE AdatA S43h] flato] vhA|e] x7]
& ZA3H hall effect 573712 AARsE, AR E 5, HIA
e 243199t 1 A3} Table 19149} 2] PEDOT:PEGE 34
28] shA 9kar R BCHHY] AAbEE(2.487x10'em?)el B &l
PEDOT:PEG®] 3X4HS 10% ] 2]31e] FEAIZ] BCHH(8.093%10"/cm’)
o] 325x10%0 & gk YRl 2102 A7) % s

S & AT 20%2] FAHS E5et 212 1.867x10M4 2 A
10% 34k E3ket ARt w2 k8 Yehdigltt. o] & SEMEA] 7}
LEDAT-9] 81715 H71st e-5ellx] st A 2 Aol 3
SR = A 1B P e A R sl R R i B I |
wlebA] ghol] FA ¥ A EAE2 PEDOT:PEGS] F7o0 ule} A
T2do] gEpA]E M e Tsdo] A PR hall effects 37}
H gto] Hud-& 7= AL ot

A AR TH o] ohd A4tslE-3] BCEHell PEDOT:PEGE
Exshs o E FHe A AN I L R T dA9)
Yol AL} A7} 2426x10' e’ 24 RAR}F A3 78] 31 whof| v]8) oF
38 o Z7 1= Ik (Table 1, Fig, 6). BC -£-93} 34kx)2]3 PEDOT:PEG
£ EFsto] g Az Ay} Ak A sk ¢ 92 LEDA

o] B % 3]u]slal PEDOT:PEGS] YA 53 Al ict. 12t

] E
==
3}

[}

o

L
L

Table 1. Thickness, electron concentration, electron mobility, resistivity of coated films and mixed films

Thickness (um) Electron Concentration (1/cm’)
PEDOT:PEG + BC 100 2.487x10'
PEDOT:PEG + 10% of sulfuric acid + BC 100 8.093x10"3
PEDOT:PEG 10% of sulfuric acid + Graphene + AgNW + BC 100 3.120x10™
PEDOT:PEG 20% of sulfuric acid + BC 100 1.867x10™
PEDOT:PEG 20% of sulfuric acid + Graphene + AgNW + BC 100 4.419x10™
Mixed PEDOT:PEG and BC solution 85 4.125%10°
Mixed PEDOT:PEG + 10% of sulfuric acid and BC solution 130 3.258x10™
Mixed PEDOT:PEG + 20% of sulfuric acid and BC solution 150 8.276x1013
Top coated PEDOT:PEG + 10% of sulfuric acid on BC 280 2.426x10'
Top coated PEDOT:PEG + 20% of sulfuric acid on BC 280 4213x10
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Fig. 6. LED bulb lighting test of Sulfuric acid mixed PEDOT:PEG
coated on BC films.

(a) 0% H,S0, [b] 10% H,S0,

[c] 20% H,S0,

Fig. 7. LED bulb lighting tests of BC membranes according to mixed
methods of PEDOT:PEG + Sulfuric acid.

10% k2] 3k PEDOT:PEGZ} 7Hg 3-8 W18 1jglar o] wo] A=k
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3-4. FTIREAM0| 2/8F EXZEe| W3]

59 EA T AgkE ERlsh] HEiA AYAETERTIE
A5 A3} Fig. 89} 2o] 31,0502} 1,200 emollA S-0 28717}
gategto 2 97 S7hEE S Felskedth 53] 1,050 em
sulfoxide T3]3 1,200 cm™ sulfatet} sulfonamides®} -2 4
B2 EAlHE 2 02 3l WkE 247 Ak55 EUlE 243l
e 05 o] gle dAsolARE d3tet = e AR &
wol] 7F 4= glon 3ke- A Blg=dl 7]ojste] ATAdS
A 71 A FEH15]. 22 )= 580 em™-& C-Cl, 880 cm™& C-H A%t
O] XEFE 20% 22Ex 2] PEDOT:PEGOIA =718 o8 Hitt
T84 1,800 cm' C=02% 07 10% A=) PEDOT:PEGO]
A 7P =2 AEE YERSITE o] gt 28719 Sotel whE A
S5 e 7]ofshes o g tisliAle obx EAIEHA stelekA] &
3Gt} 212} o] ¢} 2ol PEDOT:PEGS] 3}&+4]Q1 ¥ 3}e} #4219
T4 Hsls Foto] o] ddEE AR AZMETE FT
IRA T} BAE E3tofo) whE Aol 10%el B3l 20% 2] st
PEDOT:PEGY] S-0 2-8-7]7} ] =7 @A e A2 Xge gHito
oFo] ©7] wiitoln $4ke o] ¥-&4-% PEDOT:PEGS] /o]
vrolxd T8 oA vteelol AERZ @A 7N IR F o] A
Ao w2 AQE 7FeAE A2 4 QLS Aok vt Tk Th
SEMo|n| x| oA #1353t ule} 7ro] PEDOT:PEGS] %7} A3 9
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Fig. 8. Spectrum of FTIR of films treated with PEDOT:PEG and
sulfuric acid.
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