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Research Progress in Improving the Electrical Conductivity of Polymer Materials
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Abstract : The methods of improving the electrical conductivity of polymer materials are summarized as doping,
compositing with other materials and changing the structure of the conductive polymers. The existing 7 electron band
energy level in polymer materials could be changed by doping, so that the energy difference between energy bands is
reduced and the carrier migration resistance decreases. Materials composited with conductive polymers could provide
carrier migration channels, form large conjugated system with conductive polymer materials, improve the ordering between
the polymer chains or increase the tightness of the compound, thereby enhance the conductivity of the composite material.
The materials that conductive polymers are composited with are generally metal or metal oxides, inorganic non-metallic
materials and some common organic polymers. The regularity of the conductive polymer, as well as the crystallinity could
be improved by changing the structure of the polymer. Conductive polymer materials have a wide application prospect and
in order to realize the utility of conductive polymer in the future, the integrated performance of conductive polymer includ-
ing solubility, processability and stability needs to be improved as well as the electrical conductivity.
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SR T OUS LG T 1977 4F, ETEA
M Mac Diarmid FFANE KM AsF, 81, MR IR
(polyacetylene. fi#%PA ) WRIEFTE2% (doping )
RIRBIRE R O EA LM &R S RN,
X, T T ma AU A ZRNEGEWE, A
AERFE S SRS TR 28 B A
Mo KA, HEA SHRINRE (G Sk
G JE YA S ) S RE WA Re,
SEHL > R R R ) S5 A RO R B P B AR A
PERE, fERBIR . St TR FRE . RIS T
LN G> T AT LA K L R BRI L xR S I B
AR EAFEZ . FARIN R,

LR R T A AT DL A B SR
fir, VA HHE T BN TH R TR ALK
B B NS LA T LD A A s L s Tk
SR T B S o SR AT R AR
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FIEHBGTE AR T, B A BB FEE R (SRR
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RS, M S & AR RS S tERE. 5
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BARE K, RO, B TAE# A AR
PRIT & TIBARAR N . BEIEng | RBEMY | RN
RXHAE OIS T R T AR

SR TR R LN, BUR TR
ZRWAERIMTTERUR . B5G, ROy, s
PR AT 5 s 20 AR S B L™ AR T AR
FIOCH:, JF il 7B Ee A R L,
K, TE20 Ihad go AW, REE RS SR SHIESE T
SR TR RAT S - RO, RE R
HL 0 TR R L S R R i R R RN, (H
JEE I T - TR ORI A R B AR . B
J5i, AE 1985 — 1995 Ml AL S R > TRETE Y
T J MR Z U — R R, T & T
MR B - dE e iy, T T 2k
ABARZ2Z, MRORBR T HAEB AR ERY 2. 20 T
4l 90 NG, BGE TS TR ZE G TERE L
R o AR S REAL BRI ST A T 5 A
M, PR T REFEE .

FIR G T AR BT BUS T A DS
VESEE, Z80h S 0 TR AR K ik, (3
&, EBAPTE BT T U A A
TERER . 2 i H 5 3 MR S 236 — R MO S5 T T
HERANREELIE T LN 2R . R T RAF, =

[0 R D i S S i o) SN s B 8
AADEEHON TS SR & TR T B Ry
HAEETE, FERWEGE AR . SHEME
A BUESHE T IET T ARSCUR X
— YUK BRI AT 250, DI 203 5 0 1 5
HUPPRHI PERESR Bt IR 2 2% i 48

2 B

S HL i 0 TR R RAT BB S Y AL B 4
), (EATEZS B S5 o ARV R SR, H
U RIEHAE 107 S/em Zifi o X RNAER BT

TR 2 S N, DASCECR SE R (Y
Aty BT RS IR A i B i BuE R, AT
M IER T A s, RAT S im0 TR
FHE B AT RE AR B T B O, B AR
TESMR IR T sl . $82% n] LU SR 2
T ERE T (B HE AT TBRRERF. —
Mkl , B4Rl LUA EALIE 548 24 FL T TR 18 42
iy, He, SR EBREARBR (p-
L) MR JERMESR (n- ) PIF; s, PR )R
T A FE 2, B () BamE T
HTABZ.

Hsu Fenghao SFCH AL = 8L RG]
A Tm] e B 5 H ik o SRR SRR SN (poly (sodium-
p-styrenesulfonate), PSS ) VA AT i i AR B
( ammonium persulfate, APS ), & I =5 FL PRIV
FRVER RN A SRIR SRR R B B A
REW, Pra e ZE S R e dity . S pss 5
ML BAAR A Bt 22 Ly 0.4 I, BTl A5 52 5 BRI
HUPERR R, K (32,55 £ 0.95) S/em. LI ATIPSS Y
g i TRy 5 . X —ZERAYEH, AR
H1 T 2R A o AR 3 S 48 2% R 4B 2% B SR L S Y 4 1
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s N NGRS/l i iz P/ PAE Lk
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MEE, ZLAMERE . SEAh - Al OGN X SOt ¥
T (X-ray photo-electronic spectroscopy, XPS ) By
MRS REN], RAM ) ARG T 4K
B BN ) A B0 G MR SRR FIR
T SDS Y ik, IR 250 mg/mL 1Y SDS
W, B SR S AR S5 55, 4 90.3 S/em s
LI NANN SDS WIRANE / A1 SBI5 2 G B 2 8. BT
REGHE R SRR, ATREREHT spsENE
A0, AR T IRRREEEH - T IERAT .

AR FeCl, WRMA, AT TR
PER — AR FE IR IR AN (sodium Di-2-ethylhexy-
Isulfosuccinate, AOT ) JERUHI S BEH tsitie, i 3,4~
LA WEW) (3 4-ethylenedioxythiophene, EDOT )5
TAE S R AT AT SRS UL, A WL T R A /N T 1
SR EY PEDOT AL T, HAL 34 10.2 S/eme
PR R AL 2R PEDOT 2WKKL TG, Hid &
FIWKE 60.5 S/em, HEEATRERBAAMTEH T
#EA PEDOT 55, WAl 50U fb748m, Hmi
T AUOKRRL TR SRR . T EUKAL B PEDOT
ARRLT G, A AT 2 0.28 S/em, X AT AESEH
TRKAPEET pEDOT IKE BIRBACRE, BEE
EER RTINS e N

[Fl—Fh s 1, BRI, HH R
PR 225, s RS i S T RES WA
SR S. Goel 5 AESHI AL T LA HCL. FeCl,. X
R R ( p-toluenesulfonic acid> p~TSA )« i
( camphorsulfonic acid,» CSA ) PLMERIK ZIHHATR
(polystyrene sulfonic acid, PSSA ) fEABAH &1+
T, R AR ORI R G, AT R
(polypyrrole, PPy ) ZKREFHE, 45 REW . Frigerdi
BPEARE FERE 5 PRI 2 PPy p-TSA>
CSA>HCI>FeCl,>PSSA , PPy—p-TSAE A M RHI L G5
i, M6 % 102 S/emo Li Xingui S oA ik
1E 0 CHIZAT T % T 2REEW (polythiophene, PTh)
LK HCl A RIHBAG4B 241 PThe A4 REN],
RIBZRH) pTh OWRLLE, R3] x 107 S/em 5 1M
M1, WEEZ5I124 1 mol/L 4 HC1 5 HClo, #HTH82R 1Y
PThIYHL 5151050, 7 .5 x 10, 8.5 X 107 S/em» &
Z%J5 0 pTh ¥R E . AT, B44J5 pTh AR
BERR, AL BN R .

B2 i S R 0 T HL R Rl T AT AR
B —FP 5. W B2 AR R, BRI L
WA H TR IVBES . 115 & TP RET R AT RE
W2, BT BEZ N, T 3RS
B SR,
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R T 453 B AR R 436 s LA A 1 S L
iz 5B maFHEES, RS SHE RS FM
B HRMERE, BTG R REDEVA 6 . B . 88
BAE, Hrh, SRR SRR, iR RE,
ERHEER, M Rm; M. 5. BEEA R
(- B FLANAR AR, (R HAE s b 5 KSR
AL, FHRERASRE ., 2 a)ESALY, o
PRI =8k AL . AAbE. AL SAEARERSE,
HEA—E 0BT, R, PUEALRET R, Y
FEIE Y, R T I AR

K. Gupta 0058 i A 2= AR 28 T 90K Gk
PSRRI AR, fE—EJLE N, BEEK kT
T, AR SRR R 5

Tang Li S EZ I N IHREZ 0.1 mol/L UL |
0.5 mol/L FIFRBRFIE £ CoCl, * 6H,0, JF HIAS
AR iR e, il #5 RECAL R G Y) PANI-Coo Tl
# I PANI-Co FIHL 3N 0.5 S/em» AT Co JLHR
HIRAM A58 0.3 S/eme XAy, EE5WH
Co* MR RN h ZURF I AH EAE IS5 T RE W
HLF B B AR B, WAL T B e, T4 e T
RORME ) S PERE

SR ARG TR R W, SRR N / AR TR R / 40
HA RGO A B S i b2 3 013,

HI T JROR N 1 GRS MR 1 2% T i 4R
fATE, AR, HABHR AR A Sk, R
PR A MRHEVF Z SR AR 2 T T2 MR T, andt
HR L HIRRE A0 AR R SE  Li Zhihua
SRR OV 20 KR I e AR Y A Sy 43 BRI RN A S 71
W AR ARSI T RANE /8 (polyaniline/Ag »
PANVAg) KIS, DFFRERE, Fra i
PANI/Ag DKE EMEHR —FI R AN A ANKAR 1)
ettty . 54l pANI ML, PANIAg AIKE S
BHEAE R TR (65.98 S/em ). HUA LUK BRI
NEo R E A R 7R S TR R Al Grinou
SENDSHEE I RAFLBCR G, Hil4s T RSk
BB B RGN ZBERR K E (multi wall carbon
nanotube. MWCNT ) ) MWCNT/PANI-Ag Z&H
o SGERERWT, AHLE T A G040 K HURL T (09 61 K
BT AUKRERLF A MR S R 8 T 5%,
ik 1.685 S/emo R G MEHE B —Fh LA Z BERRANK
B, R ERARAERR AN KA R R A AL e 45,
UK ERL T3 5 M 3 A% e 5 B R T . H T2
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KEG IR S RO Z M AR EAET, B6 MR
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Yang Hongyan SFU il 5 H-RAE 1 0k / 044k
=48k (PPy/Fe,0,) MITIBHE, (EIR LR BN H S
FHIAF 107 S/em MIEED . . K. Mathad 52 AUHE
FeCl, * 6H,0 K, il lhi s R ek, s
TR ML —=8k (PPy/Fe,0,) AR GHKL,
Hol s AR A 1 B 24 Fe,0, AR 080N
2.520% F, IR E A MR R 3505 m , M75.28 S/emo
TERHIIR BB, A M B SR Fe,0, 18R
R R, X TSR T Fe,0, T2 1 RMLIE
FEROMUREYE, lE 2 PR a, b, ¢ Fn. TEZ S,
AR Fe,0, M7 1, JIF7H PPy/Fe,0, KGRI H
B HL AR R R, X — R R N AT
UL A LL 8L, 3200 Fe,0, ¥AHLEE IR G
Wyl b s IE ok, iRl 2 Y IE 4 BTR .

i

. .., Fe* Fe” e ey
BT FeCLIR I £ I
. Fe'r Fe?
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Fe 0 APKHL T Fo* ke
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Fig.1 Formation of PPy/Fe,O, nanocomposites
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Fig. 2 Possible representations of PPy/Fe O,

nanocomposites at various Fe O, loadings
Zhang Zhiming SF! il b p— A kil 1
HAZ) 80 nm. HAT H FHMERIBEME R AR BOR R

W& /Y-Fe,0,(PPy/Y-Fe,0,)c SN, TERLME FAE 1
HESEIA FeCl, KARBE Fe**, LA FeCl, 11 AL B
RERE RS, R d2Y-Fe,0, e BRI, 1E
W25, IMABAGAX HRRR . B FeCl, IMA TR
FI¥EIN, XM pe® 5 ped B RZ LN 0.046 B,
PPy/Y-Fe,0, MIHL G5 FIRE AL B Rl ik o R A8, IR
L SR AT IK 64.4 S/emo

FRAEAEOLR R R G5, P FeCl, BT,
AT T BEW R A RN, 158 T MR R APy -
Fe,0,/ REMARE GHEL. PIrig G pRHY S Rk
REM] T T Al SRWEMM AL, B Y-Fe,0, it ALY
L, ZEMEE SRR OB R TEY-Fe,0,/ FRVE
Wi, RS WEELEY-Fe,0, KR T HIRMIE R, N
Mg m ©EE S e mIA P, WEREMRIEL S
Prop S AR, XA P A N R, [H]
BF SR W Y B 1 A RGO, AR & T 2 A AR
FHIPERE
3.2 SXHIEEERHXKTRES

H A A 2 1 TCHLE & Ja 98 K SE0RE 32 8245 I
B s WREFYESE . AR, DUBTRLIRM R IR
TR 64 52 6 5 F PR B R B RS S8 ) A e TR
FEAE RS ST 508U LA SRS
( graphene oxide. GO ). HEERRANIKA | ZRERRAIK
EEMBNE S
3.2.1 BBRBAKRE

LT R A O AN ) 1 5 2 T UK 22 BE RN OK
( multi-walled nanotubes> MWNTs ) 5 0 C T il %5 (1 5R
WEWY ( polythiophene, PTh) PThO Re, PHEGEE
JEh, 4537 PTho/MWNTs EG MR, 4RKH],
MWNTs BINIAT & G40 R 5 H Pk R A AR K Ak
A, BAMEHR SRS 1L g MEg . xR
N =7 TE, REEM A B 25 H R i BE A —
SERISZN s 53—, MWNTs BUIIA, Xf SREEW ™
A TSR IVBZERT, AT EE My 32 B R Y A 40
ik Tk, BFAMWNTs #B I REED
MWNTSs FIE Ji B4 2% 1) SR e Wy 38 o) e — e 20 A
TE BRI S 1) LT, ER A MBI SRR
e E F AR . B X R T BT R R AN T
i, BEERAMEEAL, R T KOFHEER, 64
AR R IR T R . SR S — P AR & 43
F, H R A JCHE A S ) B R B S5
AF, HAG IR EEN TS O RERDIRS R,
RuEwy FEE LB S, AR TRERA S T
FL P B 1 2 1

1. Tiwar FCHEEA R AL, Hils T RAEN
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NHHTR (poly(acrylic acid )» PAA) | ZRERRINAKE
( PANI/PAA/MWCNT ), HHLFH AL (5760.059 +
2.6321) S/emo HSHTEMEGER, PTRERH TRAM
HR AR 2 BE IR UK Z B AT B AE T, PAA
A B TR RN 5 22 BERR A KA Z ] (4 AH LA
3.22 RBEAKE

G. R. Kiani “#2LABEW} ( thiophene» Th ) Fl2-(2-
WEWYIL ) MERE (2—thienylpyrrole, TP ) VFE Sttt
R, BT RGEYY / BEEIRIIKE (single-wailed car-
bon nallotube. SWNT) Z&H#F (SWNT-poly(Th-
TP) )o TEG S FET T, SWNTEN H AR RAYEIMR
Th F1 TP BRI A B RE BN K A R I IR AR G
FERLT LA SWNT AN | poly(Th-TP) WA HIRZTEH,
. SWNT-poly(Th-TP)&Z &M #HIYHL T34 38 S/em
TTAEAR 6] 25 25 B AS S B AN KA 19 poly(Th-TP)
JEER L3N 1,67 % 107" S/emo

Y. K. Lee FH IR LA SMHDIRRE:, Hil& T
A B S B R — P R SR — BRACKR B E A
W, Al 3 FR . MRS SRR AERRANOK A Z MR G
BN AAS Sy BE SR ML S ik b S5HESEME GHAR
FRBE T AL, BT Beai oK A8 1 2 12 R g 11y
HURF, 7EAR KRR B3N 7 8m Fds R, il
LR EE T 5 £, JRRIBHEE & T AR IR e
AB. MBRYUKRE TN, GRS R
B4 = %) 75 S/em (HEHHEIESS 240 nm o

BULH YR TR BAKE

FRALLIR—RADIAT
HadRE

3 SERAHEFEEAK PPy-CNT ERRETEHE

Fig.3 Schematic outline of the fabrication procedure for

SRR E
AR

self-assembled PPy-CNT composite films by vapor-phase

polymerization

323 BE

A s JE— M S 2R RE, o A S IR
B RS SRREWES, ATLAH & S BRI
RIREGWEL GMEL. Mo Zunli FFPYLIR AR
PRI, FeCl, WAEMN, WA REZ, il
w1 A HLE R R KA SR /GaY (PPy/
nanoG/Gd*") ERHEL, FFEUFIE T AR A S8BT I
Gd¥ BRI E SARH R R ERER N . HE G
R GK AT SR AR 2RO 3%, Gd™ ISR 7>
N 6% I, HA R R R, 4 17.86 S/eme K

A1 88 )2 0 R AR L5 R X T A SR b g BE A P 1
— AP MR T EEE,
3.2.4 RMEBEWH

S. M. Imran ~5CM S8 A0 AT 38075 70 BAE AR R FL IR ER
HGWFES, W8T R FiA B ( polyaniline/
graphene oxide> PANI/GO ) Bemel, 4RE], A
e B, 5 T REEN SR, Rt
FEAETNREAL ¥R G+ e BEAR A PR () A7 A2 T AT
TR A FALR, SUER B, 2 Go iYHs
BT 8O 5%, Hi 6 ¢ B}, SZEMRY
HL R 1K 474 S/meo

VI Z IOHLAE 4 I8 0K B R A B it B4 S ik
TNBR A ARAE AT AR5, P LK I S8 b4 R S e L 3
e SR &SRS, MUBBBTEL SR it
W2 TR E , mEAR AR A
SrFRES, RS IR R R .

3.3 ELXEAIRLTFES

¥emmas TS S EA s FRaewE
HEIHR, ATLAR s U R, (HR IR SRR
SRR SRR, BEAMACK SRR, &
T B R AR 5 W B W s (H AT — 28 L 2
TR S SR TRIH SR, MBRHEE, X
SRR N L 2T 2R S A AR B AR A,
53 1) B RE B AR AT DAt S H i 0 B I A R
AW REfRE, BTLAEAER T i o 1 5 2l
YIS A MR Z .

H R SR ORI U EARAEI T, AT LA
AR R SRR RIS, S, G, Larimi 52
e R AFAE BRI h, g SRS, il TR
Al ) SRR SRR M 2 g SR EI
JE4 0.2 mol/L MR AT, GKIZ SRR
PRI, }2.48 X 107 S/emo

H. H. Darzi 50 A AL RGP0 T SR /2%
JE AR I SRR, IS AR RAZTE 58~98 nm
Z I, HARRY, WIEEAIMA, AT I &
BAMEI e, mHRES T HSRE, AF
BRSO SRS A L RN 0,537 S/em, 9 BURIEE
A e e AR E] 0.904 S/eme

Hu Weili SFILE iR ( ammonium persulfates
APS ) WEAF, AHELF4ER (bacterial cellulose» BC )
SRR, A AR Bk B T SRR / A
WEFYER (PANIBC ) POKEAHE, HIE M s an &
4R #E Caniline, ANI) FARTIRRIEANHLAER
MR, RIGERE, BT S n A A
YL RSN TE . B ROV I T 84, T
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FRAE BC R M PANT BZ o SV A 30 min &
K2 90 min I, BEMEHIH SRR K, 750 x
102 S/eme YURSLHI NSRRI I & i, BARGAE
BERP AR RRE S, SO SR TR

ANVBC

PANI/BC

% |
H-NH, FONE-O-NaO)NLOANT,

4 PANI/BC EEMRIEHRIREERE

Fig. 4 Schematic diagram of the formation of
PANI/BC nanocomposites

C. Basavaraja 2 WESE U TTAREE A 25 5 it
IR ATAA R SR (e SR ) (polycaprolactones
PCL), fil# it ppy-PCL E &ML, PCL BIMIASE S
T ppy TEFZ A ML R h i . BEE pCL &
FOBEIN,  FEAS 525 b4 Rk b BORLAR 45 4 5 720 Ry HEAR 45
M, BERWA RS, XEH TP pCcL &R
BT RIE AR

BRYE, 5HEM B G RE & RS ik
AERY IS B2 AT PR — 2 b RHRE O BOR T 1R T
R 13 18 = 5 T R 2 TR O R R LB IR R
AT A ORI B A W] s R AR RE i
HEZ A AT P PR 2 S W R R, AT R
EAMRY S

4 HESHENTEN

SHE S R UK BEEAR KRR B
S T H R MERE . TR R A YR
T2 sh I R BOEAEBRIE XK, TR AETR o FHER
T AR =%, Al H i SR AL
BB B AR I S 8 HoR g . AE e e gk
Hifk R, W — i ISR B0 — S I T
BRE SN E=19(1+n)P, HEE B TR, A
BT IS AL BB = i), PRI H e R B A 4G
Mg, W0, — e, 485 RS W He T 2L
P R TR A, AR, I —Jr TR,
Ry L0 B A 3G 0 SR 2 R EOH X 43 A 1Y
B, AR TR, B GIAGEENEE  EE
LA B S v A R IR A AT LA SR
X B0

SCERGYIEETE, PEm A, WATRiR

L T B . Zhang Hongming S5°
AR () BEHIT—CH,CH0— (n=1~16) 1Y
IR B2, g T KRR (cPANT ) TR,
FOFFE T AHAS XS JX 2L cp ANT WIS PERY S, 25
R, cPANTHB ARGS9 B 8 B T A
o 16 I8/ NE] 2 B, cPANT 1212 IR Sl A4 22 i
TR anAs, R EAE S 3 M 5.9 x 107 S/cm
HnE) 4.5 S/em, FEIRAEM 950 nm FEE] 100 nmo FF
FSEY p=1 BF, TERLT AL A, cPANT FTH
FAREIE 27 S/em, FARB/NE] 42 nmo MTCIF A5 F
AP L5 B 5, il & BEAS ah BRI HE R 1Y
KA R RSB T — R .

SRSV EE B SR R, T
fgAFem A2 A A BT 0, 18, 55 CAF T iles
T PTh, HHSHRIHHN 158 x 107, 5.28 x 1077,
1.02 X 107'° S/emo fAITIAK, WREEAE, pThAYZESE
T WAE s AR T Pla- o8N 3, BAGR TRY
PTh HA B S, Uil pTh 09 AR S H%E
XA BV RR oo lE BT LA R T2 PTh
)T LR RE

MFEXT RGP0 T REtL A —E Mg, 5l
AFHTForF Eon L 2R A ML slm 2 (anH &
FEH TR ), "D —E R RIS RGN
S E. M. Kim SFPYESGE M T S Kk
FERRR AR A 20— (2- (- AR HE) &
AH) R (M2), AREREEIE s iR, s H,
THF (tetrahy drofuran ) HVUSWKI, TFA N =ML
2 (trifluoroace ticacid )» t-BOC (di-tert-butyl
dicarbonate ) B2 AU T TE , tert-BuOK ( potassium
tert-butoxide ) MU T EEH . SRI5, UL APS MEAEALH],
b AL Mo SR ORISR A
B A KNSRI Y, il 6 s, HIECAH
IR AH L, 0 5 TR e 1 SR g A ) Y iy v 42
FENNREPR B2, ML P8 35 485 S/emo

OH

OH 0 IO
B H I CH, Ts0 H
__tBoe | N—c—o—écf—lg—}z\c,l
NH, NaHCO,, CH, = tert-BuOK, THF
THF/H,0 }
Of(*\/oi\cm O’Q\/ O)Z\CH3
o]
Chalogs m -
cp © CHCL, :

5 ESRNEHEE SR E RS KSR Lk E
Fig. 5 Synthetic route for aniline monomer M2 with

dual-functional dioxyethylene side chains
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Fig. 6 Chemical structural formula of the copolymer with dual-functional dioxyethylene side chains

5 MREE

FHE T BAEIL 30 o A RJEEAKK—T]F
B, HEEARESEAR EESS TIRKRNERE. A
BADR G = TR E 28 E ok, g
WFTE 7 R == . il B e KA. ML
F A, WE G R TR G REA TR
AR i o

RO R, R T RATAE T 255 5
AR, BB A AR A EE . Aok,
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