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Abstract : Light-weight conductive polymer composites were prepared by incorporating polyheterocycles such as polypyrrole and polythiophene into
pores of a highly porous cross-linked polystyrene, host polymer, to form a conductive network. The highly hydrophobic and porous host polymer was
synthesized by concentrated emulsion polymerization method. Polypyrrole-based composites, prepared by employing ferric chloride-methanol system,
showed a conductivity as high as 0.82 S/cm. Conductivity of polythiophene-based composites, prepared from ferric chloride-acetonitrile system, was
6.05S/cm. Conductivity of composttivity was influenced by the initial molar ratio of oxidant to monomer as well. SEM micrographs of the composites
showed that conducting polymer coated uniformly the inside wall of the porous host polymer. Shielding effectiveness of the polypyrrole-based
composites and of the polythiophene-based composites were 152 dB and 225dB at 2.0 GHz, respectively. In the temperature range from 20 to 300K, a
polypyrrole impregnated composite exhibited seimiconducting behavior and followed the variable range hopping(VRH) model for charge transport.
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Styrene(5 g, Aldrich), divinyl benzene(l g, Aldrich), AIBN(0.05g,
Aldrich), 28] sorbitane monooleate(1 ml, Fluka)s] 7% &%
B8 250mlY 2 Egta3e Yi Aex AdsA wutsd
N ZFFFHEm)E T 32 Hojmguy nFFdBHE Az
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o2 9% & ARFAE|R(SEM, Amray, USA)SE #930h
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6.05S/cmE YERIACH A3EA e HEEe AxAuiEa
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AR A7|AEEE WA 3cH13].

AEZERARY Az AH4E Z2ELRAY GFE7t AR
AEZARY AEA ulXE EFE Table 39 L8t o

J. of Korean Ind. & Eng. Chemistry, Vol.9. No. 3, 1998



<)

344

By

13

A

N

Table 1. Amount of Absorption of Liguids by Porous Host Polymer at Room Temperature

Host Polymer, Vol. Ratio of

Amount of Absorbed Liquids (g liquid/g host)

Dispersed Phase (Water, g) to

Continuous Phase(g) Water Acetone Methanol Ethanol Acetonitrile Chloroform Toluene
#1,80/20 2.18 233 3.00 297 272 756 447
#2,8/17 2% 34 3 333 329 956 5.60
#3,8/14 2.54 419 363 372 4.00 11.92 781
Table 2. Effect of Oxidant Solvents on the Conductivity of 2 3
Composites z of 5 2
Water Methanol Acetone Ether Acetonitrile % -2 2 E:\E
Conductivity of Com- R - E e
) 082 32%x10° 065 0.02 2 EY
posite with PPy(S/cm) 030 1070 E £E
g -6 v 8
Conductivity of Com- 2
posite with PPt(S/cm) 251 420 05 38 6% C -8 05
Conducting composites were prepared by employing 1.45 mole ~10 iy
FeCly/mole monomer. 0 2 4 6 8
Concentration of Oxidant (mol/1)
z ///__,_,q : Fig. 2. Conductivity of polythiophene based composites(®) and

Polypyrrole in Composite(g/g
Host)

Conductivity, log ¢ (S/cm)

o
o

-]
(=

2 4 6
Concentration of Oxidant (mol/1)

Fig. 1. Conductivity of polypyrrole based composites(¢) and
polypyrrole yield(ll) against oxidant concentration. FeCl;
in methanol is used as oxidant. Initial monomer concen-
tration is 1mole/l. Conducting composites were prepared
using host polymer #2.

d89232 & o) S2EVRAY UFEr} 2719 waka 2
ARl A=dngate] e F718S Yepgoy, AEA
g A7 AEES S¥Y ¥ XA FLee Y
IAE AEAERARY Ui LYY FHE AEATER
7h BRAgoA 2 AEA WEYA(electrical network)E 3
A HE Z2ETRAY OFEe] YFS AA wA =g}
AsAS GFAY 27 BHLE WU FHF AR
FAES 4827 Fig. 19 Fig. 2004 2% wish 24, Fig, 1
AME 2718u17F 0104 LOAelolA] PPyARERARE 2%
HAAN A=A 29 HoldAHinsulator to metal transition)o] T
Ha 271897k 20014014 A7|AET Wist BEEz Qg
o EZAEWAA PPy e 27] AsAY wFAe) 2}
THETE S7H8kn 9l$E BelF D Yt} Fig 2= PPAAEY
Age A7)AEES} Aalst dFAe 2uge BAS Yehy
T glnk 27] BHlgol 01904 05xkolol A BRI AxH e
Aoldo] B3HD 0501 4elME BHjge Zrlix BT7sn
AEAEEARY] A7IHERY F7b7} B39 @e PPtad)
AEAERARY A7/IAEEE H3 655/emo] o|&0), 2gxz
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polythiophene yield(l) against oxidant concentration.
FeCl; in methanol is used as oxidant. Initial monomer
concentration is 1mole/l. Conducting composites were
prepared using host polymer #2.
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Fig. 3. Scanning electron micrographs : (a) porous crossed linked
polystyrene(host polymer #2); (b) polypyrrole based
composite, prepared employing host polymer #2; (c)
polythiophene based composite, prepared employing host
polymer #2. Initial molar ratio of oxidant to monomer is
2.0 and 2.5, respectively.

Conductivity, log ¢ (S/cm)
i

-8 . .
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Aging Time (days)

Fig. 4. Conductivity of composites against aging time. X and A
are conductivity of polypyrrole based composites at
room temperature and 80T, respectively. Ml and @
depict conductivity of polythiophene based composites at
room temperature and 80C, respectively.

Conductivity, log ¢ (S/cm)
&
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Aging Time (days)

Fig. 5. Conductivity of composites against aging time. 4 and
B depict conductivity of polypyrrole based composites,
treated with 3-hydrobenzoic acid, at room temperature
and 80, respectively.

E yepdt 4347 PRAAREAEZAZE PPy2AAERE
FAgET g7l Mol $48E vz gtk g7|FdqA &
59 gl gl A E AR FAE IA =
7HT} PPyel H]8jAA PP/l di7lFold ol gAg AxXz
+A4YE Uebdd Fig. 55 4k3ebA Al(antioxidant)] 3-hydro-
benzoic acid€ PPyAAEYHARY AlzAl 27 sto] FAS
A%E Jehln gk o] d3etdAe] driz HEAo] sjHel
¥ A=dERAEE Aol HYT 3-hydrobenzoic acidZ el
d AZAERASE TN AZAERARE ArtEA 9=
B} vlwstd AV AREY st 4Fa wolATh o)y
¢ e ZYHuRAZRY A=A TERY R4S $4)
371 Sisko] AsidARAle A7t 223 R I7].

3.4. HTMEHMZ 9| EMIXICEZD}

Table 4& PPy}t PPtE 247t 24128 AZAEFAR A7)
HE%9 coaxial transmissiom line$d o2 2% EMIAas
£ Yehdin ok AEHEFAEYAA ARzt A%
TAAEE P8 A7)AEES 34 ADage ge
Ak PPyAAEEASE A/HEEE 082S/cmol® 2.0 GHzol
A 152 dBolth. PRtAARZAEE HAVNAEES} 420S/cmol™
L5GHzAA 230dBelth. A77IAEE7} 842 2 Avads
YA 15, 18).
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Table 3. Effect of Porosity of Host Polymer on the Conductivity
of Composites Impregnated with PPy

Host Polymer Host Polymer Host Polymer

#1 42 43
(}A:g"c:“(’)‘prg cm) 071 065 0.80
un ; 216 230 238

(g PPy/g host)

The host polymers #1, #2, and #3 were prepared by polymerizing
the concentrated emulsions, whose volume fractions of the dispersed
phase were 0.80, 0.83, and 0.86, respectively. The concentration of
monomer in ether is 1.20mol/l. The oxidant of FeCls in methanol is
1.74 mol/l.

Table 4. Conductivity and Electrical Shielding Effectiveness of
Conducting Composites

_:2
N

PPy based composite PPt based composite

Conductivity 0.82 420
(S/cm)

Attenuation(dB)

1.0 GHz 75 109
15 GHz 145 230
2.0 GHz 152 225

Conducting composites were prepared using host polymer #2 with
molar ratio of reactants(oxidant to monomer) of 1.40.
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Fig. 6. Electrical properties of polypyrrole based composites vs.
temperature : (a) conductivity ; (b) resistivity.
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Fig. 7. Resistivity of polypyrrole based composite against tem-
perature. Initial molar ratio of oxidant to monomer is 2.
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Fig. 6(a)%} (b)& 20-300Ke) 2594 PPyiAlAEA L3}
Azel A A= 2E9EAHE Jehfich o AL AxA
EdaAzt d2de) E4¢ Yehla 98¢ slelzich PPyss)
ASAEFARE AP =AY EAL Yz Qo). A3
9 2m9&Aol 3395 Y three dimensional hopping)2d<
E3E MottA]-2 oh&3 2ol AAIFUTHIY, 20].
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Fig. 7 PPy2 A4S GARI ALAlH Lxol tg A
2ol 9240] Mool YA AeE Yerhm ek,
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AEAERAEE D52 BAFTTUE S o439 O34T
AE FASL olE TAENEAE A BFAE 47
ojojx AIAAE HEANIE 2¢ATHAY L ol 43y Azdr}
EAERAR AVHEEE At euie 2)0sAs e
o ZE & A d%E B2tk PPyAAEFASE PPtAARE
Aot vlEA] AFHEEEE o) Wan WPAEEE /104
TAER 2ok PPy2AEEAE S PPIANEGATY AV|HAEE
= A2 0829 605Scmel 27 =234t PPtAAE AR E
PPy2 A EdA RS vl d71ggA o]l SH 590 PPyAA|
S tyIdAAL dHPAY HME AAAHL ZuA LS
Atk A=A ERARY AA7NAHE LS 243 A5 1.0-20GHz
A 23dBAEE YeldTh, 20-300Ke) LxdYols H3be] &
B2 S 3AT AP PPy2AREANEGARY Asto)Fo)
A2+ variable range hopping(VRH)l w23 )-8 bk

ZYHHZAZLAAEAEFARE 428 $39 AAEE
o EMIAHAZEES 23 93, & 7pEn & Hy2 A2y 5 9
oA 27142 (electrostatic charge protection)tt EMIRFH A} 2.2
$&7H540] ok

g

& A
2 =i FeAeAD Ad(19%6)oE AP Hog oo
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