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Abstract: Polycarbonate(PC)/polypyrrole(PPy) conducting composites were prepared by precipitation polymerization. FeCls, pyrrole and chloroform
were used as oxidant, monomer, and solvent, respectively. The electrical conductivity was increased with increasing the amount of PPy, while the
mechanical property was decreased. When the PPy content was 25 wt %, the electrical conductivity of the composites was increased up to 0.23
S/cm. The electrical conductivity, the stability of conductivity in air and mechanical properties of the composites of different PPy content were
investigated and the morphology of the composite films was observed.
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.M £ AERREAS BETEAde) EFA Azxe D HE2EA7}
EXd A3 AxRAnEAe dBAE T AxAuRz
Polyacetylene, polyaniline, polypyrrole(PPy) 53 22 A& 1 SRAS Azshe drjgeAd Py, 2) HEnEAe A=Y
Bae F4o $A0)2AFL XD o8 I, HCL, BF, & £kl blending®l & film castingl, 3) HITHEA TR A
02 doping3Hd WEASH 2& AVH AAS YehymE o A=Y 28Ze] dFAE =9 §F 282 P9 AddA ¢
Ba - A7) - AR Bol B9 AFASAE wfo =& DAY ) FAE A TReE 8 AW, 4) AZHLRAY BFAE
Aol H1 glnk mWEA, AR TR tld AT B0E A8 EA 1A matrix) AH =YA7E AAFEE Tol Atk
gogA naia), AN, A7 59 A7) - Az} Ropo) QoA A Y A8 ges Azxd AR EAL AVAE
£ 997 Ude] gusET QuH1-3] 2y ARATEAE A} Ev wou BEAY 377t 59 WA gEsnz AzgH
&9 Aol WS¢ Ao WEmBAGE Da] AHTA, $94, 7t Bgste diFAde] Aok ¥ @Yol ITHI6). Casting
8304 59 84 4ol Adgsted Aoz del $857)9) 2 ARE AT o= AR YRS wio #A¥ 24E I}
= ZAAL Yz QuH4s) A ERAE AxY] oHL EF BN FANe] EAYL
A RERS PPy t719MgA 0] $431 =& AALE ZH L Qei17]. &9 FARL 71AH 42L& 3 dEAs}
g AUs 23 Wge5edes Shunzduikes ¥ A g FFSE ol AAH] o} WrIWEE} vwA
23 golatA 4o "k 28U 7129 polyacetylene, poly- 23 AzFHAo] MAZL Aol dHo|d18). a1 FHAZFH
aniline 59 AEATERS} go] 71E - £al9] olPgoz % L ARATERE A Hgo] o8 BEA v 2dsA
NAH Aol Aketd BEFoze FFel EARE AT 9 BN A7)AEES AL 4 91, BE ASAE ol8d
o old g ERANE SAFs) YAME HERe) ERED 7 AH AN HEL AR U vl A AFAN 59
249 Aol BEHolER 2F . 7)AY HPo] 4% Pex FHE 7L 1920
BAe) ARATER EFAS AzeE B v A&y 2 dFoME 71AH 4do] 58 dX Yoy Sy 3
2 9JeH10-15]. 144l polycarbonate(PC)& matrix2 A3k, A7]A HAo] ¢4
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Precipitation Polymerization of polypyrrole(PPy)/polycarbonate(PC)
- dissolution 10 wt % polycarbonate with cholorform

- pyrrole was added with stirring

- mixing the upper solution and the oxidant/dopant with methanol

oxidant/dopant : lron(Ill) chloride(FeCls)
FeCly/pyrrole = 2.2 molar ratio
Reaction time : 24 hr

Washing with methanol and drying

Molding of PC/PPy composites at 180 °C, 4500 psi
in the Hot press
Measurement of electrical conductivity by the four-probe
method for conducting composites

Figure 1. Process for the preparation of conducting polymer
composites.
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2.1. Mg

¥ A A8 polycarbonate(PC) Sumitomo*Htype 201-15)
9 resing 50 TollA 3A17 5 Axst] FEL AAT £ A&
At AxduER dFAQ pyrrole AcrosAHEE 99%)9)
AekE A3, SulE2 AMEE chloroforme Junsei Chemical
AHEE 98%)9 NS AHeagnh. £, A3t dopant® AHE
" FeCls& Kanto ChemicalAHEE 97%)¢] A1k HEr o] o
AHEER

2.2. Polycarbonate/Polypyrrole2| S&| ®=x

A=A ER} BE3AE Figure 13 22 JAFIPoz A=z3
Aot 10 wt %9 PCE €12 chloroform® AHgste] A&oA
Z1AH Egl o5t &AM LAY a2z, 27F st
A BFEE77 FFE 47 flaskdlol A1 &3 SEAQ
pyrrole® 479 24 (wt %o} wel F EfEA o £ A
A FeChE pyrroled] ZA(wt %)ol wW& FeCly/pyrrole = 2.2
molar ratiol21]12 wet&e] &3 A7 £4& AEF mut
st 087 MM HIAZIEAN M UNT BTG FFH
2212 35k Az A degy FFFE o899 AFs)
oF BEES AAND F AN 5 0 TolA Azsd A
A9 ETg AT A7) EUE o]4d EF¢A S L hot
press(80 T, 4500 psi, 20 min)& ©°]€389 ¢ 02 mm FAHAZ A
23t 23],

2.3. ®ydzE &4
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Figure 2. FT-IR spectra of PC/PPy(25 wt %).
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grammable multimeter, programmable thermometer, GP-IB cable
2 FAHE FAE ALS A=A BEA AHY AVHERE
ZAsgh AzE AU 4gAgd 98 -19%~160 T &=
BN AVNHERE Ao Z449 PPy &3] e A
Exe H3E AT £ d71Fel 3093 WAL wy
AEEE ZAs¢.

2.4. FT-IR, UV-VIS 24

PPy &3o] 5 wt % A=A zEA EFAE 100 T, 500
mmHg®] FHeA 1A 3¢ ARAZ F HYH BFEA7)
(FT-IR spectrometer, Unicam Co. Mattson 1000)& AHg3te] 3}
e F2E #1131, PPy9 doping A¥E #Udl &
PPy #&%e] 25 wt %% AEA ¥ BEFAE chloroformel 40
T, 400 mmo2 =9 ¥, UV-VIS(Hitachi, U-3501)& ©]&3}q]
A48 Arh
2.5. Polycarbonate/Polypyrrole &9 7|AE M=

A=Y 28R EFAY 71AH 44& dobrr) $18o Instron
(Uniframe TC-55, Satec System, US.A)& A48t JAAAEE
ZASH T old load cell& QS 5863 (200 Ibs)S A&ty o,
cross-head speed® 30 mm/min®2 dgow AHEL ASTM
638 DY 3o & AU A datas A2 33 =74
o BEFE HAssidh

2.6. Morphology Z=A}

FAPA A8 1] 3 (Scanning  Electron Micrograph, SEM; Jeol Co.
JSM-5400)& AHgste] A=A 1R BgAY ¥d 7o Ad
A TEA UelX AxA B BAAYS zAET Add
AHEE W& 15000 A% 25 KVE rtstgo 42
o] PPy ol uizt B84 ulolN PPy 4o EAK gae o
g A=29 F7te 71AH 44 F49 33 #AZ morphology
g 53 s '

3. €3t ¥

3.1. Polypyrrole® FT-IR, UV-VIS £4

PPy9 3% 9% & 87 9J3td FT-IR £42HE Figure
29 JehiSich 1400~1600 cm’o]lM C=C, C-C9 stretching
band peak’} YER}Z 1470 cm 'l C-N9| stretching band
peak7t WERUH, 3400 em ol N-HY 738 stretching band
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Figure 3. UV/VIS/NIR spectra of PC/PPy(25 wt %) in chloro-
form.
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Figure 4. Electrical conductivity of the PC/PPy composites as
a function of PPy contents.
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A% x-x'A0l, polaron §F peak’t vEbde FldmazA
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3.2. Pyrrole &goll g MI|IMEE

2 d¥89AME A8AQ FeChel %< pymoled) 249 ma} 2
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Figure 5. Electrical conductivity of the PC/PPy composites as
a function of temperature: (a) -196~20 C; (b) 20~160 C (}:
PPy(5 wt %), I PPy(10 wt %), A: PPy(15 wt %), A: PPy(20
wt %), O: PPy(25 wt %), @: PPy(30 wt %)).

o (T) < exp(-aT™

A7IAA o A/NAEE T, xE LEXFE Yed} B a7
9 A LEAF xb 129 1 27} kel Be AsAE
ke AY d¥Hoz Z189ch Epstein[25]e o] ARE 27
4 72 E£F Coulomb 45%go] u#d Azatn Mg}
Bt A=Y BHAY AVAEEE SEYENo] Ho 2 Ao
2 AAE £ Qed, ol A¥F vieAY A9 e T

Figure 5(b)& 20~160 T4 &% W9loMe) Asdzre =
AE 2345 vgd Aok 27 274 W F3 AL g
ANAERY 2, & ozhe] o] 27138 & 4 . ex
7k F7Fehd A9 97%(thermal vibration)e] AR A Hoz
A7 7AYol F/M8 R WA QAEH 255E 32} Sof
WA g B3 A2 olFEE A2 Ho AVAERs}) @
T ArdE Aoz AT & Yus). AFHoz Axy =
ol 3718 Hol &5 AR o]EL Wadn AT A
2& I oZH AFY 212 293 Ao= U9Y 4 ok

3.4. BTY Z§tHle ti7|F Arsjoby A

Figure 6 PC/PPy B4 BE9 Astgye dolnry] s
o 09zt t7] Fo] FAPL e} WNAEEE 248 Ao
% A7AEEE PPye &l @A) W] Fof %A A
o ANAEREY gol vlgte] | order AE ZAE ARL wol
oSl gt 89 PPy: CI'Y aniong 43
salt B carbonium ion FEE XA WY Aoz
carbonium ion TZE 7HE AL salt Yeh2 EA 7] 2o
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Figure 6. Electrical conductivity vs. time of ambient air
exposure for PC/PPy composite.

(F PPy wt %), W PPy(10 wt %), A: PPy(15 wt %), A

PPy(20 wt %), O PPy(25 wt %), @: PPy(30 wt %)).

Ax1} 27 wgAo] v Arg ATHTEA U FHo
£2%9 A2A4S AN E2R AVAEERY AE YA
AH27]. 28 AT Figure 6914 HE X3 PC/PPy EEAY
A7NAZEE 309 Tl 2N 89 A Holn AT
HZd AT AHEAR ol PCPPy EFAY A/HER7F
PPyel o] wetd FEd GGolA BEA FG7A W B
9o AAYSS Aoked oY AT A= FAF S
A7 gEth o] AL PPyY Wr1FY Ah e FRIY B
& matrix¢] PC7} #8jdte 98& 22 PC/PPy 5FAY A
ARERe] #AA7F wg vojd Aoz AT F Ut mEA
PC/PPy B&AE th7l59 A3ekgAel b & & ot

3.5. S HES AN 24

Figure 72 PPy &3¢ Z7id] w2 PC/PPy A9 $4-4
g F4¢ vehd Aolrh PPy &0l 5 wt %A 25 wt %2
Z7tstel wteh 71AA AZL 330 MPadlA 51 MPaZ #43A
t}, o] 7}EAMol AU FEANIEAQ PPy FFol F713tel
wa} matrix®] PCAtold] & 24 PCe PPy Zzto]l 1
olgjo] &asted PCo} PPy Aol A4S xHFREZN A
FE7t 4% Aoz Azt

3.6. Morphology ZAt

PPy A7} matrixql PC&o) oW Fz9 FHI FAHAEA
2 ZA) A3t dAFAIEN A S AHEste PC/PPy E#A
filme ¥¥<& A28 Figure 8(a)~(1)& PPy %ol ute} A
29 B84 199 AR FAIEYA Aot Figure 8(a)~ (D)9
A3 PPy #Fo] Z7HE4E o B2 %9 &2 74 FHA
PPy A7t & EiHe] &S £ & Ut ol& PPyY #Fol
Z7}elEEMN AHEE o|FAYE AxA T2 o o] A3
HEEAN ANAEE7} S48 Ao A"
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Figure 7. Ultimate tensile strength of PC/PPy composite films.
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(a) PC/PPy (5 wt %)

(c) PC/PPy (15 wt %)

(b) PC/PPy (10 wt %)

Figure 8. SEM micrograph of electrical conducting composites: (a)~(£); PC/PPy composites.
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