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x B 2 dPgie AARAE o] &ty wrIRA B Z 3 (semi-batch dispersion polymeri-
zation) 3R 02 MxA 1B A p-Doped polypyrrole YAE A x3drh w324 HA Z3te o
24 & monomer-starved Rl dAd Fstd FFAI7IE PHL2EHA polyvinylalcohol (PVA)
S oA Z AFE3 A2 #HF 50nm, methylcelluloseE AAARE ALLF A HF 95nm A5 ¢
A A7 E ze dispersiond A ZY § 9dder, ol Yzt AVl d Arxe dFAH FY &=, A
AA FTet AA FF, EAF 2 Fro e AP olv =9 AEF AAAY IFA
ol A (A4A4 A, BAF) wa eAe Ao, ojd ME EA HYHE 2 F UUTh

Absiract The work present here shows the technique to produce p-Doped polypyrrole particles by semi-
batch dispersion polymerization using steric-stabilizer. Monomer-starved polymerization process was
successful to increase the particle size up to 50 nm in case of polyvinylalcohol (PVA) stabilizer, and up
to 95 nm in case of methylcellulose stabilizer. The particle size and the bulk conductivity changed with
the feed rates of monomer, the concentrations of initiator (dopant) and the type, molecular weight, con-

centrations of steric-stabilizer.
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2-1. AE 2

B Ao A ALE3 Janssen ChemicalA}g]
pyrrole (Py) ©@Z&Al= £% 99.9%9 33
AAZE A A e Alotolng A 2H
= AAA Fgoem ALL-¥uriz -5CE B
#3tgth Polyvinyl Alcohol-co-Acetate (P-
VA)s vla AldrichAle] E-zFgE 1,0000) 4
100,000 A}ole] 57}A] (2,400, 36,000, 60,000,
78,000, 100,000) AF S A¥stH 2 Methyl-

2 p-Doped Polypyrrole '@ Composition Latex2] Azl Aw4 2@ BXHdT 809

cellulose= Y ¥ HayashiAle] A && A} &35
Aok A& KantoAte] 4= ¢34l o] & (anhy-
drous FeCly) & oA Alofo g Itfa AF&35)
Kok £ AyoA A S =S Aqua Sense
Ate} Ultra Pure Water System & o] £3to] o]
=5 AAZ §F FHAA ALY

2-2. Y3 A gk HKE700] oSt 24tat
o M=

HEE FFE 200ml EElszclelA Al e
stk <HgAlet MAAE ¢Hs] BsiA

ol

=5 FoEAckd Aen daE s v
I FAZ1E o] &3t @ﬁ:% % % (purge) Al
A AxE AAsHETh 1 ¥ syringe pumpg}
FAZIE ol &te] R E dHT Hom
Fdsted WA R F3E 20CAA A5

on B Hbe-A)l¥) 7] Yl ZEE A7
&< 400rpm e 2 WS #A &9t

PVAZ A s A}&3 79 viekx
THER, A YA W wx g
dopant®] wx&E WA dFaga,
Methylcellulose & A} 83 4 $olv= QA A 9
X529 dopant9] ¥4v & Walalw Ao
B3ty PVA ®£= ethylcellulose;‘i ol
Az ALgs Aol zhztel 49 zxH&
Table 13 Table 20 v}l 2l ch.

2-3. Doped polypyrrole 22t4H0] X X|

2 AFoMe 54 &8¥ dopant ©]
2o Pyt desuw, 3y
polypyrrole ¥4t 100 mesh Ho g ol 3}
gl 2-%31¥l A (coarse particle) & A A3 &
HitachA} (model : 20 PR-52DD)¢] A Xy
71&2 20CelA 15,000 rpmo & 3021 g
A1l & Ako] dolgls mube vheki], o
o MAA (dopant) & A Astdry Lol
AAH F3A s Z2epod AEARAH o

2-4. | 37| A A AV Bx £F

el 2ol b A7) gl Bae Tk AR

p-Doped

electron
A ] wA

& 1] 4 (transmission
TEM., Hitach H-600) 3}
(particle size analyzer : PSA, Matec CHDF-
1100) 2 =A st .

2-5. FT-IRO|| 2|3t Z&txlel 24

Pyrrole (Py)e] %%, 4lstsle] p-Doped
dadHo s skl

mlcroscopy .

polypyrroleo] A ¥ #&
8}71 918 FT-IR (Shimazu IR-440) % A} &3}
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Table 1. Experimental Conditions for Semi-Batch Dispersion Polymerization of Pyrrole with Stabi-

lizer (PVA).

Experiment Conditions

0.5
D t Conc. © 3.7x1072 mol/l
Monomer Feed Rate 1.00 ope%r'l one n.lo /
(ml/hr) 500 Stabilizer . 12 wt% for Solids
ml/hr .
Stabilizer M.W : 78,000
3.00
2400
36000 Monomer Feed Rate : 1.0 ml/hr
. I veww— . _
Stabilizer M.W. 62000 Dopant Cone. : 3.7 X 1072 mol/]
78000 Stabilizer . 12 wt% for Solids
100000
6.00 M Feed Rate : 1.0 ml/h
Stabilizer wt% for 12.00 onomer feed fate . C e/
. Dopant Conc. ; 3.7 X107 mol/]
Solids 18.00 .
Stabilizer M.W : 78,000
24.00
1.2
. 3.7 Monomer Feed Rate : 1.0 ml/hr
Dopant concentration . )
7.4 Stabilizer : 12 wt% for Solids
(x107% mol/D) e
12.4 Stabilizer M.W : 78,000
18.6

Table 2. Experimental Conditions for Semi-Batch Dispersion Polymerization of Pyrrole with Stabi-

lizer (Methylcellulose).

Experiment Conditions

10
. Monomer Feed Rate : 1.0 ml/hr
Stabilizer wi% for 18 B
Solid 5e Dopant Conc. : 12 x107? mol/]
olids
D.P. of Stabilizer : 1.5
32
5
D L C irati 12 Monomer Feed Rate : 1.0 ml/hr
nt Concentration
op(ax 10-? c¢ D 2 — Stabilizer ; 12 wt% for Solids
mo D.P. of Stabilizer : 1.5

28 |

of g4 2dEye 2ASlGh FH 2% RD) ¥42 syt X-RDE d&@ P

2} EALAS 15,000 rpme 2 3017 A Wol old] Aad A 100C E4F Az

gote] el dobsls vlubs wHEAlL % 7ol A A=A kg o] & powder® RHE o]

9] A1 (dopant) & AT F syl 9= ZA st o}

Ae MEAA KBroliel s4shed(KBr 2-7. p-Doped polypyrroleT} QHEH|e| Tgs

100mg+ A& 1 mg) A€ A3 F o & =

ZA st ot Az BaAds 100C 4% Ax7]edA

2-6. Dopant®} polypyrrolee| Z& ZHXAM Az powder® wrEo] 271x| 9 & B A7)

CRY

p-Doped polypyrrole®} dopante] A3} &%

g W

9 std X-ray diffraction (X-

analysis (DTA), thermo-
(TGA)E ol &38ld Tgg

differential thermal
gravimetric analysis

2% 5 %ok



2-8. Mxx &4 Y ,
Aem 245 9] B4a4S A%sted < WWN
Lo Asd 2 Z-ES AHAST 100
C

T €% dz7ioM AERAA powderZ THE
t}2-o] ASTM (American Standard Testing ] NVW\VJ\/‘”\WN’V\

Method) ES783, D2570] WA E 74 o] pellet

Intensity

& 9E o] conductivity meterE AF§3lo] 48
% (4 point probe method) 0.2 Axx & 2
J ot o} S
=
3. 24m @
FeCly
3-1. FT-IRo|| 2/8t Z&A 2 &l
Pyrrole (Py)ol %%, 4t3lso] p-Doped
polypyrrole o] G4 ¥ A& HAHHoE <l I e

i 286
‘ Fig. 2. The X-ray diffraction spectra of p-Doped
polypyrrole.
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Fig. 1. The FT-IR spectra of p-Doped polypyrrole.

a17] 98 FT-IR &5 23E#S Fig. 19 ’
detiglich #8lel a8 vimate 45 A o -
Zol'» A& el p-Doped polypyrroled] &4 - .
2#E8 9A7k 1300-1900cm ‘o] LpEbLE

fe) e
Ae & 7 U

3-2. Dopant2} polypyrrolegl AHE FF o r’ .. B

p-Doped polypyrrole?] A% A& dopant?) o ’ ; w'ﬁ 1,;:
W8 8ol o AolmT oo AY FEE N
H3sl7] $stel X-ray diffraction (X-RD) T e e H e et Al 1
B4g Fig. 20 etk FeClol 33-43° o Bate e

2% =29 vlus] £ = p-Doped polypyr- Fig. 3. Particle size and conductivity of p-Doped
rolee A% I aE Holx ¥or=Z dopant polypyrrole by semi-batch polymerization with
o] &2 polypyrroled} ZgatA &3 YA # PVA as monomer feed rate.
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g A th. o2 <Qla] YA HWHNA AHE 2 && &)
2} A7) ¥ dopant ion®] YE(Al£9 pyrrole @9

RP¥E _uiow AL 2 o @FA ¢k dopant ion®] F)7b Hobd HEEst Fad
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(Al Fig. 5. Particle size of p-Doped polypyrrole by

semi-batch polymerization as concentration of

dopants.
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Fig. 6. TEM of p-Doped polypyrrole by semi-batch
polymerization with methylcellulose as concentra-
tion of dopants.

[A] : dopant 12 %1072 mol/I,

[B] : dopant 22.5 x 1072 mol/1

of whet Yzt A7) HLmIE BE olfE
7t Al Fx 9 54 (EAE F47)
g S)ol vhEy] mEeojnh & dPdAx

PVAe] A4471(-0OH) ¢ ko] methylcellu-
lose .t} ¥7] W&o dopant iono] J= FW
oAle] MEyt ormz MART HM9 7
717 Eoka AlRHEh

3-5. ot Aol HE

A BAFo W2 HF YA 7] 4
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ABERR S - PYA

1

Fel s {.?U‘,'Z mole /1)

f

mocunt

Fig. 7. Conductivity of p-Doped polypyrrole by

semi-batch polymerization as concentration of

dopants.

Mewel ®stE Fig. 8o Uepuifda, °lz}ﬂ
718 &¢913}7) 98] Fig. 99| TEM *} > 4
Ak A Z PVAE A&l 9 S A% ?}7&

Yz,

r

Ae] HApie] AAH A %’%LEHE ey

o] Atz dolrt AofAA so] Y}
Wzeo chakdle] F38 3 dopant ione] 2}
HFHo e "W g dolma A #Hrh wpihA
YA Aol L ALeE ogte] Pa 4

& MHolA €t} Fig. 109

T

Fig. 8. Particle size and conductivity of p-Doped
polypyrrole by semi-batch polymerization as M.W.
of stabilizer(PVA).
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Fig. 9. TEM of p-Doped polypyrrole by semi-
batch polymerization as M.W. of stabilizer
(PVA).

[A]:PVA M.W. 2,400,

[B]: PVA M.W. 100,000

SF A #| (methylcellulose) @] F %o we} p-
doped polypyrrole®] Tg ®WstE ¥ E 7o)
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Fig. 10. Glass transition of p-Doped polypyrrole
and stabilizer as concentration of stabilizer(Meth-
vicellulose). [A]:St 10 wt%, [B]:St 18 wt%
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Fig. 11. Particle size of p-Doped polypyrrole by

semi-batch polymerization as concentration of sta-
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Fig. 12. Conductivity of p-Doped polypyrrole by
semi-batch polymerization as concentration of sta-

bilizer.
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