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—HHBR A LA T m A SR R RN
1 SLiesy
1.1 KFIFAES
I (AN, 35 PR A8 IR Tl 22 w1, Tl 9%) A P il 22 9 He 7% 18 5 2-19 4 Ik frig-2- Yk 1 it iR
(AMPS IR IS AL TA BRAF], Tk g%) s o SR 8% (APS, bt 4k 1), /e Mrali) 5 1 — o 2 2R i iR
(DBSA, L ifgFfhr T804 BRA R, 3B 4l) s fR s R ( CSA, g Balhr Tl A BR AR, A4l o
SZT2A RIPAFREHIAAL (T3 [F A A FRZA v ) ; AVANCE 111 HD 400M #4A% L PR A (A & 52
A BHEABR AT ) ;s Nicolet IS10 Ui HL£1 SR 38X ( 56 E FE B G /RBHE A BR A F]) 5 JSM-6510 7l
7 B (H A PR St .
1.2 XBWHE
1.2.1 PAMPS #-Z% & % bz (PANI-PAMPS) 69 %) & 76 N, R, 3% m(AN) :m ( AMPS) :m ( APS) =
1:(0.5~3):(0.5~2.5) Ko &0 50 5% ~30% 1) AMPS 7K 35 W& I A 31 0 A i 455 1 1 258 8 10
250 mL =1 e SR8 45 8 T I 4 ZIRGRIRIG IR B A B Bk o g, R4 IR A, MR R IR
BEIRF 0 ~ 15 CJ5 W 50k 10% ~50% 1) APS /KWL 0. 08 g/min (158 BEVR N E T3k 2 i 1k 2
W PRI R RN 1 ~9 h SRR AR (A = A T 0 0 8, FH 2R PR BRI =08 ) pH =7,50 CF,
FLZ5 T4 48 h, 155 PANI-PAMPS 7=4J]
1.2.2 +ZIn KORARR 5 42 R X Me (PANI-DBSA) ¢4 4] & 78 N, /- Y T, #% m (AN) :m(DBSA):
m(APS) =1:2:2.5 7£20 CF Bl /080N 20% 1Y DBSA K WO A B A IR 72 I £E2% 51250 mL
S HE N AT RS0 g & TIRFEIBIE ZRBEMA LR RO gsH, e iR &, SR RIREE RS 5 CI 4%
Ji i 4k 50% ) APS JKE IR LA 0. 08 g/min 19 38 BT N 22 S M AR ZR v HEE T, RN S h I SR B
TR0 T B0 8 2 B /KRR R U8 pH =7,50 CF, 525 T4 48 h, 133 PANI-DBSA 7=
Y.
1.2.3  MEmsiR 5 4 R XM (PANI-CSA) 69 4] & 78 N, AR Y R, 4% m(AN) :m(CSA) :m(APS) =
1:2:2.5 78 20 CF BT 0500 20% 1 CSA ZKIE O A I BCA A BEFERe B 1Y 250 mL = 1 6
K 5.0 g B TRFEIR IS RGN 3R BN 2% AT ROV, SRR A, MR RIREE IR S CJe %
Ji i 54k 50% 1) APS JKE W LA 0. 08 g/min (193853 I 28 ) AR & rpr THIRR , O 5 b 5 2R )5
B AT B0 0 B, FH 2588 FOK BRI = I8 1) pH =7,50 C ', E25 T4 48 h, 753 PANI-CSA 7=
Y.
1.3 MHEEMNR 5 EHIRIE
1.3.1 ZEfgr BO0.200 g My AR SR A 7 1), HA A A 20 mL %5009 = FUfL R, 78 50 “CoKiR
Byrp ik 2 h, S IEAARE Y A B TOKURIAE 06, BB T4 24 h EIEE W% i i s 1)
P e AR IR R AR 0 TP BV AR
1.3.2 w%& HREREH AL T5 wm 5 H R, SZT-2A FRUECE PUSRE IO AR & i HE 3R 1E
Fr i .

2 #ZR5vHe

2.1 UEFHURESHHN

211 BERRAESAT  EERAL 7RI YRS I 1 R o AREE RS AE 9. 23 Bk
PR TG U R O ESANOC H LA RS o A iR AE 5. 79 BT il BE T B R R O 5 —NH,
A H 1A= 078 o TEALZA IR 6. 95 ~ 7. 44 XS I 7 2 804, 3R T B AT A IAETE . A0
TE7.39 ~7. 44 Z[AJF1 6. 95 ~7. 20 Z[A] 3L 1 W 2R 0 , 73 551 s T 3R A Jg e 3 A ke — IV JHe P — Jle BTG
1 H L2 iAo A 0if2 9 0. 85 ~3. 34 XIUZBR 5 PAMPS i —CH, Fl—CH, —AY 3L IR ik i, 15t
] PAMPS 7842 7% T PANI,
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Fig.1 'H NMR spectrum of PANI Fig.2 FT-IR spectrum of PANI
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FEMZ i 1108 em ™' SR C—HIHT A 25 T B S AR AE IS0, 1796 om ™' Aub Ay R g U 7 F 1,4 B
FRAEFR Hp C—HTE AN jh 4R S AE W I , 615 em ™' b (1 W AT s U1 Ja8 T 5 2 B A 32 2 110 il R AR L [ op
S=0 {25 4ig ShFFAE M , BEEH PAMPS 45 40 Hb484% T PANI,

2.1.3 e TFEHMESH B HE TR
BT T RO ROUIE SR, I &l 3 s . Rl UL,
AL PANL (TS R BRAY O HLE RS2, B0k oy
RIS o T RBER AT R 2L, (75 PANT i
R R 550N TR) I T SR 2 B, DAL i 8 43 A 45034 50 o
2.2 RMEHNSBEBEERESRIEOZME
2.2.1 RT@mAEZME 520 AMPS DBSA |
CSA B4R A R AR N , AR TR IO FR S, i 45 7=
PR 7= SR 3 R A 4 3 1, 1T DL, AMPS $87% ) ’
il 25 0 SR AR i, HL = S e SR g i, e M LR O B3 BRORIEEFHE T BB

AMPS 534 3547 A P ) 200 3 2K P O TR Fig. 3 SEM image of PANI

B Y HAR B IR, AT SORRE AT LGP A8 2% B AR T PANT 238 AR ELAF T, i PANT 735U
TR GATAE , A AT Ay B AL IRy 177 SR A 328 T DBSA il CSA J2ARFE R AL R
P FIRTIR, BRI TOK  (HER B T R ARMERR 2, S BORRIG I PR REREA o

x1 BEBUNEXRNSZRBSENFN
Table 1 Effect of doped acid on the yield and conductivity of PANI

Acid Yield/ % Conductivity/ (S+em ")
AMPS 97.0 3.1

DBSA 59.7 1.3

CSA 62.3 1.1

B TR 71 0 B AT LA R R0 Fp i P i I 5 , LA 2R B T3 20 mT L, T AMPS 25 K00 TR
BAFTAR I IIRRE , AT AR B AR, IR DR R R 1 B EAT AR Y W A PR ) e B A 2 A Y
IS RIT T RRAE SRR A F T 1B 2% PANI B 8] (4 i B 3 i, AT 080535 2+ 18] B9 4 110, P9 ke e

=
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B IR AP AR AR 1 o ARIEAR DRI B, AN R A MU 5 BR 1, AMPS BURRPEROR , OB 24 1Y
PANT FERR M0 oA B TR A o B AR T 52598 7 6 T AMIPS VRS 18 280K & i PANT,

K2 BEBXRERERERME
Table 2 Effect of doped acid on the solubility of PANI

Solvent solubility/g H,0 DMF
AMPS 0.169 2 0.2391
DBSA 0.143 4 0.176 0

CSA 0.1569 0.197 3

2.2.2 AMPS A% 7% AMPS B, FrAs =i 2 i e R SR I PR A5 TR 3 (&4 R, A
3 A LAA Y RO A 7 AR L A B AMPS i 3 T 0, 2 B IR B — s T, R A
LSRR o M IR R < SR A I, SR ANTE ), B2 AR, IR 7= R 341K 5 2 1R
M Z 0 RS RAIAS 5B 5 T, i TBAHIA S AT, HRERHLBERIARNE K7
(AIJE A S FLOE T, AT S R AR ) B AR L S R AR . S0, 2 m (AMPS)/m (AN) =2. 0 B, SR N%
7 AR R AR IR B B g
%3 AMPS REXBERRMESENLMN
Table 3 Effect of the amount of AMPS on the yield and conductivity of PANI

m( AMPS)/m( AN) Yield/ % Conductivity/ ( Seem ! ) m( AMPS)/m( AN) Yield/ % Conductivity/ ( Secm ! )
0.5 67.5 1.5 2.0 85.7 5.9
1.0 75.6 2.4 2.5 82.5 5.7
1.5 81.4 2.5 3.0 81.8 3.7

A 2007870 5 T DMF R 31K i,
P A AR T P BB 2 ) A2 A MU, AP 4 s 04t 10
AL SN TR A A A B 7R R B A R e T

KRR BB PR R IR 2 BRI =

PR B S5 B KR BN BLG . 2 m (AMPS)/ 2

m(AN) =2.0 B, RAM VYRR  FEA LR & ol
0.2

R T iR R 3R 38, 14% , FE K I I i 3k E

21.23% . JIrLL, SCER EFEIR S AR M i B o 2. 0, ,////‘”///’.””JK\\§\‘\\\\*

2.2.3 AMAHIRET  BUREAH IR, IS W TSSO U5 20 0 25 30

P LR AR A LR T 4 B S o mAMPS)im(AN)
I 4 LA B 07 2 Bl A T A e 4 IO PN BB

TN K, T H, S R L e RS I NRR S . 4y Fig.4 Effect of the amount of acid on the solubility of
BRIy U0 P i R R R oy PANE in different solvents
XD AN REAT R AR i AR LA 80 PANT, il DL 49 B WSORRAIG, SCIR = b i 2 i) S L T, 7 )
{18 H, S RS 5 Bt SR T B A0 B 0y, A 3R SR BTG P Hh o oA S, SR 7 W ) 7 3R Bl S A ) P
x4 SUFNAENRERSEZMBISEHZMN
Table 4 Effect of the amount of oxidant on the yield and conductivity of PANI

m( APS)/m( AN) Yield/% Conductivity/ (S+cm ")
0.5 36.8 3.5
1.0 57.4 4.3
1.5 85.7 5.9
2.0 84.8 4.6

2.5 97.0 3.1




640 DA A 5534 %
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PTG )7 DMF F125 8 7K b 105 i v
Wt LA TR T A AL LA N S Bl L, B ) 04f DMF
JIAR =M A LA o 4 A R 8 K P I I

R W AR AR R e S =

K RWUNI IS 2 m(APS)/m(AN) = 1.5 Bf, %

FOM I R, LA LA I i 2 g
0.2F

0.3814 g (/K VRIS F] 0. 2123 g, LI, 56 — N~
R PR AT SR A R Lo 1.5
2.2.4 REBA BUERGIRE, FETYR 015 ) s 20 25
% L3RR AR L T2 5 M 6 o M AT AR
FSTTLE W, TR IR I RN (7= R RO S8 IS APS JREX SR M AE AN [R5 70 P i A oy 5
WRBETHE S BT, MR A e (kg T
I B 72 2R, G R A Bl 2 S, X R Fig.5 Effect of the amount of APS on the solubility of
SRS BRI SR R SR i gy AN iferent solvents
B, N5 1R A 1 R LBt s iR RS A S B, 51 & 0 40 e, TG R 7 3R Gk 72, (i i
FA T R 5 T AR 5 G RV A A O, 2 1 B e e I, 2 RO SR AR e ) B b 4, (o SRR e F- B
AR BE SRS SV AR T 3G B, PR M - B B e S8 b, MG 5 CRt, )™
YRy S he e, R PR AR, A 2R IKE] 5.9 S/em,
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Table 5 Effect of polymerization temperature on the yield and conductivity of PANI

Temperature/ C Yield/% Conductivity/ (S-em™") Temperature/ C Yield/% Conductivity/ (S-em™")
-5 79.1 2.1 10 80.3 3.4
81.2 2.9 15 74.7 2.6
5 85.7 5.9 20 73.9 2.2

SIS BN 07 W AE DMF 12 257K rb ) 9 i 1
Bifi 2R 51 BE (R AR AL AR, an &l 6 Bz o AT UL, S g it 04 DMF
R e A HILI 0] P 0% e P 8 T A K v A i
B, U REIRBEIRR S CH, RARKAEA VLA R Y

R 5. K TR B A K ] £
M FIRRE AN g amw s Foe 5 | " L L
02F

B EHLARRS 73 B 3 A B, BN T 2R A k-
FE7 A PP BRI 7= 4y 5 e BE 2o v i, AN 2 R A
B Sk-FE A P AN R o1 EE T LS (R A W BE B N EED

Wrsd MR S IR T IR YL o 255 5 08 A SRR 2R Temperare/ €
BIREELER S C 6 A A A O3

2.2.5 B EriE Pl AR Rz R, BT AR RS Y R Fig.6  Effect of the polymerization temperature on the
BB e R IS T 6 [ 7 e, gL solubility of PANLin different solvents

ORI , G IS [RDXE ™ R AN K, I ) e, 3R RO A EAT 58 4, BT LA A SR AR &
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R 6 [ER LR E) X R AR T R SRR
Table 6 Effect of reaction time on the yield and conductivity of PANI

Time/h Yield/ % Conductivity/ (S-em 1) Time/h Yield/ % Conductivity/(S+-cm~")
1 72.3 3.6 7 81.4 3.2
3 72.7 4.2 9 75.5 4.7
5 85.7 5.9 11 72.9 3.9

BHERE 5ORMR A OV G R A —E LR, Y
SO I [R]SE J, A 22 BA57 (] Pk s ol R, e 04 DMF
oA FR A BRI T O R 2 5 AR 5 22 S 0L s
B, AR Y T ok B 3 18, R AR 2R A i )3
HL R 35 T ARG o 3 T o Al i Xof A e 3R 5 AR
B RS- A5 0 AR AT R 3
HL SR DA B A3 BT 3R WY, s g B () AN B 3 K B
TR LLS h AR R VR

FIAS B A7 Yy 7E DMF F12 25 7K o (R 5 fe 14 O H E S S T T

(=]
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T

Solubility/g

j

Bt SR SR A A AL LA, Q& 7 B ] UL, O B Time/h
157 WA DL ) T Vs A B 8 78 e /K b B VS i 17 5207 A i ok 3R A e A e P 5

B M i E K F] 5 h B, IR A LR Fig.7 . Effect of the reaction time on the solubility of
BRI 5 38, FEK P O R S R S A g DANT in different solvents
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m(APS)/m(AN) =1.5, RGN S C5 IINEN 5 h, Y 5555 86% , HL 3K 5.9 S/cem,

3 45 i
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A Novel Method of Preparation of High-Solubility
Conductive Polyaniline by One-Step
Emulsion Polymerization

LYU Yitong, HU Jianglei, ZHANG Long "
(Jilin Provincial Engineering Laboratory for the Complex Utilization of Peiro Resources and Biomass ,

School of Chemical Engineering ,Changchun University of Technology , Changchun 130012, China)

Abstract A novel method for preparation of high-solubility polyaniline ( PANI) by one-step emulsion
polymerization was reported with poly ( 2-acrylamide-2-methyl-1 propane sulfonic acid) (PAMPS) as doping
acid and emulsifier by utilizing its unique long chain, hydrophilicity, and strong acid group. The structure and
properties of the final product were investigated by nuclear magnetic resonance spectroscopy (NMR) , Fourier
transform infrared spectroscopy ( FTIR) and scanning electron microscopy (SEM ). The results shows that in
the optimal preparation conditions of the reaction time 5 h, the polymerization temperature 5 °C, the
m(AN):m(AMPS):m( APS) =1:2:1. 5, the mass fraction of AMPS and APS 20% and 30% , respectively,
the yield of PANI is 86% , the electrical conductivity reaches 5.9 S/cm and the solubilities in organic solvent
of DMF and water are 38% and over 21% , respectively.

Keywords polyaniline ; acrylamide-methyl-propane sulfonic acid; emulsion polymerization; solubility;

conductivity
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