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Abstract: The conducting polymer composites were prepared by imbibing the porous particle with the FeCl, oxidant
solution, drying the imbibed porous particle, and imbibing again with pyrrole solution for polymerization to take place in
the pore of porous particles. The effect of synthesis conditions on the conductivity of composite polymers were investi-
gated. It was found that the conductivity of composite polymers was dependant on the concentration of pyrrole mono-
mer, nature of the oxidants and solvents used for the oxidant and pyrrole, which influence the degree of penetration/dis-
tribution of polyprrole in the composite and reaction of dopant with pyrrole.
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Preparation of Porous Particles
- Synthesis of Large Particles by Emulsion
Polymerization
- Removal of Linear Polymer Chain by Solvent

Extraction

Adsorption of Dopant on Porous Particles
- Dopant : FeCl;
- Oxidant Solution : methanol
water

Drying

Table 1. The First Stage Recipe for Preparation of
Conducting Polymer Composites

Components Amount
Particle (nonporous or porous) 1g
Oxidant solution 10m¢
FeCl; (Dopant) 2g

* Oxidant solution : water, methanol

Table 2. The Second Stage Recipe for Preparation
of Conducting Polymer Composites

Polymerization of Monomer on Porous Particles
- Monomer : pyrrole
aniline
- Organic Solution : ethyl ether
chloroform

water

Drying

Measurement of Conductivity

on Polymer Composites

Fig. 1. Procedure for the preparation of conduct-

ing polymer composites.
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Components Amount
Particle + FeCl; (Dopant)
Organic solution 3m/l
pyrrole or aniline 10g
(Conductive Monomer) Variable'

* Variable' : 2~8 g
* Organic solution . water, chloroform, ethyl ether
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Fig. 2. Scanning electron microscopy of porous poly
(MMA/DVB) particles.
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Table 3. Specific Pore Volume and Specific Surface
Area of Polymer Particles

Polymer Particles| Specific Surface | Specific Pore
(PP.) Area (ecm?/g) | Volume (cm®/g)
PP. 20 16.01 0.16
PP. 21 22.02 0.46
PP. 22 31.99 0.73
PP. 23 40.86 0.91
PP. 24 59.43 1.48
PP. 25 81.90 1.68
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Table 4. The Effect of the Type of Monomer(pyr-
role, aniline) on Conductivity of Polymer
Composites : Specific Pore Volume 0.91

(em¥/g)
Oxidant pyrrole-Organic Conductivity
Solution Solution (10ml) (S/cm)
pyrrole 2g/ethyl ether | 4.8 x 1073
pyrrole 4g/ethyl ether| 85 x 107*
pyrrole 6g/ethyl ether| 10.3 x 1072
pyrrole 8g/ethyl ether | 13.8 x 1073
pyrrolel0Og/ethyl ether | 13.7 x 1073
FeCl; 2g _
/ pyrrolel2g/ethyl ether | 14.1 x 107°
thanol 10 aniline 2g/ethyl ether | 4.5 X 1073
methanet 1om aniline 4g/ethyl ether | 6.3 x 1073
aniline 6g/ethyl ether | 8.1 X 107*
aniline 8g/ethyl ether | 10.7 x 1073
anilinel0g/ethyl ether | 10.9 x 1073
anilinel2g/ethyl ether | 10.5 x 10~*
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Fig. 3. The effect of the monomer on conductivity
of polymer composites : specific pore volume
0.91(cm®/g), FeCly(2g)/ methanol (10ml) :
@ pyrrole(g)/ethyl ether 10ml, O aniline
(g)/ethyl ether 10ml.
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Fig. 4. The effect of the specific pore volume on
conductivity of polymer composites . pyrrole
(8g)/ ethyl ether(10ml), FeCly(2g)/metha-
nol(10ml).
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Table 5. The Effect of the Type of Organic Solutions on Conductivity of Polymer Composites : Specific Pore

Volume 0.91(cm®/g)
FeCl,-Oxidant Solution pyrrole-Organic Solution Surface Tension - Conductivity
Polarizability

(10ml) (10ml) (mN/m) (§/cm)
pyrrole 8g / water 73.1 1.5 82 x 10°°
FeCl; 2g/ o

pyrrole 8g / chloroform 27.1 9.5 12.1 x 10
methanol 10ml B
pyrrole 8g / ethyl ether 14.0 10.2 13.8 x 10°®

* Surface Tension : ethyl ether < choloroform < water

* Polarization : ethyl ether > choloroform > water

Table 6. The Effect of the Type of Oxidant Solution on Conductivity of Polymer Composites : Specific

Pore Volume 0.91(cm®/g)

Conductivity

FeCl;-Oxidant Solution| Surface Tension Polarizability pyrrole-Organic
(10ml) (mN/m) (in Units of 107 cm?) Solution (10ml) (S/cm)
FeCls 2g/ 70.1 1.5 pyrrole 8g/ethyl ether 9.2 x 107°
water 10ml
FeCl; 2g/
24.5 3.3 pyrrole 8g/ethyl ether 13.8 x 1073
methanol 10ml
* Surface Tension : methanol < water
* Polarizability : methanol > water
18
LA A7l ed AHEEHAD 7180 AR HA
16 | = o8k s AHB 7] 935t water, chloroform,
14 | ethyl etherZ j#tel g =) f714= A
e 0k 4ot AxA 2LAT TR ALET SHs}
£ Table 50l vhelulsich. old) FeCls| Absgolo 2
2 or methanol® 1851917, o] A¥ AFE Fig. 5014
é 8 | v wsteith. olm waterd 7$e= 8.2x10735/em
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“ Al o Ax e S ¥gr}l. £, $7)L40=Z ethyl etherE
ALE-8F AS-ol& 13.8X107°S/ecme] =T & ek
2r of ethyl ether7} 7} $4¢ HEEE vehyt.
0 ‘ . o] ethyl ether?} chloroforme|v} water 2.t} polari-
0 2 4 6 8 10 12 14

Organic solution of polarizability

Fig. 5. The effect of polarizability of organic solu-
tion on conductivity of polymer compos-
ites : specific pore volume 0.91 (cm?®/g),
FeCl; (2g)/methanol(10ml), pyrrole 8g : [J
water, \ chloroform, B ethyl ether.
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Fig. 6. The effect of polarizability of oxidant solu-
tion on conductivity of polymer compos-
ites : specific pore volume 0.91(cm®/g), pyr-
role (8g)/ethy! ether (10ml) : 3 water, B
methanol.

tH16]. B d7oAde Y drEe] 7 A
e #A dtka AL EE wateret methanolg Ab
a2 AHeste 3¢ F HEEE Ao Table
6ol L}d35tgie}. Pyrrole?] ofo] %71gtol e} water
9] ALt 9.2x107°5/ecmE el %R, metha-
nol®] 7A¢d= 13.8x107°5/cme HAELEE Holm
, =A% ¢z A A 48492 methanole A}
st 7o) water® AM43 g W o 58
=25 Jehde & 4 ek o] FeClo 4t}
A7}t Ao S AP} dFE FA=EH=
d], water®che methanol®) redox A$jgte] o #
A FeCli9] redox W& t$ $-o]8tA g}, FeCly
9 redox Hhgo| o 71 £& FHER 443
o $4% AREE Jehle Zloletm AR HY, ¢
= ano] Axx WIS Fig 64 vzZslgdc).

A op

1.8 B

otA seed FEFFYT 4o FE2YE o]l
Azd 9FA AE 24 ZEAR o] FeCly 4
stg-ol9 pyrrole £ anilines MEA HFAR F
gt AT E FHAFIEEH AxA EFAE A

Aeq £¢A 9 A=
ol 2
L=2=1

T At

AETE 13.8x107°S/em, anilined 10.7x107°S/
emZ Jeh} pyrroleo] anilinedt} t] 43 A&
=5 Yehdon, A WA Fefdte DA
oF.o olz}te] specific pore volumes] wel HoAg
FHAARE & 5 Ao

2. A9 k& 1AHA7|T, BET.E &3 47
£ 9} specific pore volume3} specific surface area
5ol w2 AxEgE AT A 4] specific
pore volume So] Z71&¢4E AL Lr}t SIS &
& Ak

3. A S &7l §7| & E water, chloro-
form, ethyl ether& A}&3o A& g &A37 A3}
water2 8.2x107°S/cm, chloroform2 12.1x107°S
/cm, ethyl etherd 13.8x1073S/emZ4] polariza-
bility7} 3, TaAe] ¥ ethyl etherr} 7}
+5E ATEE Yepo

4. FeCl;9} vj7}&v]2 water®t methanols A4
8193& 7% pyrroled] ofo] Fvhel wheh A A
57} waterd A% 9.2Xx10735/cm, methanol 2]
7A%o] 13.8x107°S/cmZ hebi}, redox A4zl
o} ¥& methanolg wi7&ei 2 At&ste Zio] FeCl
9 redox W& © LoldtAl st o Y AE
=2 dehjgic

ol APAFHEZA A FEAY e &
#FA F 2 FF F 7F, A 934 Ax,
FeClyg &#x7]=8l AHg-=Ele AbshHEole] redox
A% 2 d=AE LA TEE AHEEE 718
] polarizability 5] d%& H5& & F ek

& A
£ A7 1999E T5F AiAfder 734
(Ministry of Education Research Fund for Advanced
Materials in 1994)9] 28 8= om o]d 7+a}
=2}

to

o
Ho
rot

1. Kanatzidis, M. G., “Conductive Polymers”, C&

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.6, 1996



1068

10.

11.

12.

13.

14.

3L o3
o v

b
5
e

EN., December 3, 36-54(1990).

. Skotheim, T. J., Ed., “Handbook of Conducting

Polymers”, Marcel Dekker, N.Y.(1968).

. Alcacer, L., Ed., “Conducting Polymers : Spe-

cial Applications”, Reidal. D., N.Y.(1987).

. Brédar, J. L., et al, Acc. Chem. Res., 8, 309

(1985).

. Linford, R. G., Ed., “Electrochemical Science

and Technology of Polymers-1”, Elsevier, N.Y.
(1987).

. Armes, S. P. and Vincent, B., J. Chem. Soc.,

Chem. Commun., 288(1987).

. Candau, F., “Scientific Methods for the Study of

Polymer Collids and Their Application”, p. 486,
Kluwer Academic Publishers(1988).

. Cotts, D. B. and Reyes. Z., “Electrically Conduc-

tive Organic Polymers for Advanced Applica-
tions”, Noyes.(1986).

. Kulkarni, V. G., et al, Synthetic Metals, 1009, 41

(1991).

Beoman, M. and Armes, S. P. et al, Colloid &
Polym. Sci., 271, 70(1993).

Beadle, P. and Armes, S. P., Macromol., 25,
2526(1992).

Merkel, M. P., “Morphology of Core/Shell La-
texes and Thier Mechanical Properties”, Ph.D.
Thesis, Lehigh Univ.(1986).

M. Okubo and M. Shiozaki, et al, Colloid &
Polym. Sci., 222, 222(1991).

C. M. Cheng and F. J. Micale, et al, J. Colloid &
Interface Sci., 222, 2(1992).

3, A7H A6z, 1996

=
ey

- AFE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

M. L. Digir and S. N. Bhattacharyyn, et al, Poly
mer, 35, 2(1991).

E. Rukenstein and J. S. Park, J. Appl. Polym.
Sci., 42, 925(1991).

E. Rukenstein and J. H. Chen, J. Appl. Polym.
Sct., 43, 1209(1991).

El-Aasser, M. S, et al ; “Advences in Emulsion
Polymerization and Latex Technology”, Lehigh
Uinv.(1992).

C. M. Cheng and F. J. Micale, et al, J. Polym.
Sct., Part A ; Polym. Chem. Ed., 30, 235(1992).
C. M. Cheng and J. W. Vanderhoff, et al, J.
Polym. Sci., Part A ; Polym. Chem. Ed., 30, 245
(1992).

Montgomery, H. C, J. Appl. Polym. Sci., 43,
2971(1971).

Logan, B. F., J. Appl. Polym. Sci., 42, 2975
(1971).

Schimmel, Th., et al, “Conjugated Polymers”,
Ed. by Brédas, J. L., p. 53, Kluwer Academic
Publishers(1991).

Salaneck, W. R., et al, “Conjugated Polymers
and Related Materials”, Oxford University
Press(1991).

Chance, R. R., et al, “Handbook of Conducting
Polymers”, Ed. by Skotheim, T. J., p. 825, Mar-
cel Dekker, N. Y.(1986).

S. H. Son, Y. J. Park, and J. H. Kim, J. Korean
Ind. & Eng. Chem., 2, 393(1996).

S.'Y. Oh and H. C. Koh, J. Korean Ind. & Eng.
Chem., 6, 1108(1995).



