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Preparation and Corrosion Performance of Polypyrrole Film
WANG Hua

(School of Chemical Engineering, Dalian University of Technology, Dalian 116023, China)

ABSTRACT : Objective To prepare the polypyrrole film on the copper surface and study its corrosion resistance in 3. 5% NaCl so-
lution. Methods Polypyrrole films were electrodeposited on the copper surface using potentiostatic, galvanostatic and cyclic voltam-
metry electrochemical techniques. Scanning electron microscope was used to observe the surface morphologies of polypyrrole. The
anticorrosion performance of polypyrrole films was studied by the potentiodynamic polarization curves and long-term immersion test.
Results Compact and highly adhesive polypyrrole film with cauliflower shaped structure could be formed on the copper surface by all
the three methods. The polarization curves of Polypyrrole film in 3.5% NaCl solution showed passivation region, which was differ-
ent from that of bare copper. The corrosion potentials of polypyrrole films formed at 0. 659 V,60 min and 1 mA,60 min were higher
by 50 mV and 150 mV than that of bare copper, respectively. Compared to the bare copper, the anodic dissolution current density
of polypyrrole films was reduced by about one order of magnitude. In the long-term immersion test, the corrosion rate of copper with
polypyrrole film was lower than that of bare copper. Conclusion Polypyrrole film could delay the corrosion of copper. The film pre-
pared by potentiostatic technique provided a better protection performance.
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Fig. 1 Passivation curves of copper in 0.3 mol/L oxalic acid
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Fig. 4 Current-time transients traced during the PPY electrodepo-

sition on copper
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2.3 ERRESIFHL%

& 6 M4 F7E 0.3 mol/L FLFR+0. 1 mol/L NikI%
KW S 1 mA/em? IHE] 60 min S50 T
FITTRINEZL , FRSE TS 1.7 V,100 s J5 s =
1.0V, JERGEFE 0.7 V A4, LRI, RS
HLPL B (1 ~4 mA/em®) , X R BLALIERE I AN K

7 AN [] H 0 B T 1l 28 1) SR L 1) SEML B

1.8

—i1 pm

1.6
1.4

1.2

E/V

1.0F
0.8f

065 T000 2000 3000 4000

t/s

K6 SR A fE R TOR i £k

Fig. 6 Potential-time transients traced during the PPY electro-

deposition on copper
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Fig. 7 SEM micrographs of the PPY films prepared by 15 min pol-

ymerization at different current density

&l 8 NFE 1 mA/cm® HLJEE FE T J2 v AN [ B ] 7l
I SEM JEA, AR 30 min B, ik
W AT B A R, I ELZR T RS Bl 5 A5 i
V) 14 28 T, SR ML g 2% 9 522 S AR 235 4, 3 i g 1)
FEIATEINECE 0 HLS 3R EE A R

B8 1 mA/em® A5l (9 Rtk SEM JE5
Fig. 8 SEM micrographs of the PPY films prepared at a constant
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in 3.5% NaCl solution

2.5 KHRAMNK

TE 3. 5% NaCl HRIRHI 30 d J& , FHE i AG
IR AL ) 2 10 SR ML B i B R i B B B4, R
JHVE R A7 T ) 6 1% SR M s 55 e B ) 285 65 AR AT

KR U525 H 0. 659 V,60 min 2544 T Hl 45 1Y
RN FNZS P R B il 224351 R 0. 0262 ,0. 314
g/ (h - m?), PRIt 58 bk 1 B8 % 0 2% ) 7 #F 3. 5%
NaCl ¥ s B, 4 i B B g i —
HUESEZS R B 10 5 e B Lo 5 R L g I 1)
] R A 18 e R B T LA SRS T LA i 2% ]
R

3 Fig

e 5 R AL R R (S AR B 22 1A n] LR R



544 %

3

/

A SR 04 2 1 5 S D RE R 115 -

Tl A SR T S O 0 ) B SR AR, HEE MBS, 1E
B2 0. 659 V B4 60 min AMEE T 1 mA/em® B4
70 min il A 0 2R N I R 14 ol v A7 BL S R 43 0l
PEET 30 mV 1150 mV, BHAR V4 e B i 38 e as
i BREAR T 1 B, B SR Nk FEEAE 3. 5% NaCl
W T USE 28 LR i ik, R K BRI S
S A TEEAL 0.659 V, A 60 min [ 3R ML R
) B o 3 4 0. 0262 ¢/ (h + m?) |, 3 /N T35 1 4
F B JES b R R IS ] LA RCHE % A % 4 R )
J& Tk

(1]

(2]

(3]

[4]

(5]

(6]

Jittgd. SR T[] R T, 1999 (3) :50—S56.
WAN Mei-xiang. Conducting Polymers [ J]. Polymer Bulle-
tin, 1999 (3) :50—56.

R RA IS PRAGHE 45 SSA B 2% 1R i/ ML 5 F
LRI £ S AR RAEANBT I e RE[ 1] SRmEHA
2013(4) .110—114.

LYU Long-fei, LIN Sheng-ling, CHEN Chuan-xiang, et al.
Preparation, Structure Characterization and Anti-corrosion
Properties of Conductive Copolymer Doped with SSA[J].
Surface Technology,2013(4) .110—114.

KB XA, BT, SR 21 SR L 7 7 S 4k
ARTSEHEIE ] AL TR R, 2007(10) :22—24.

LIU Yong-ping,LIU Chang-jiu,LYU hui-dan. The Research
Progress of Conductive Polymer Polypyrrole in Anticorrosion
Field [ J]. New Chemical Materials,2007 (10) :22—24.
GONZALEZ M B,SAIDMAN S B. Corrosion Protection Prop-
erties of Polypyrrole Electropolymerized onto Steel in the
Presence of Salicylate [ J ]. Progress in Organic Coatings,
2012,75(3) :178—183.

MAHMOUDIAN M R,ALIAS Y,BASIRUN W J, et al. Effects
of Different Polypyrrole/TiO, Nanocomposite Morphologies
in Polyvinyl Butyral Coatings for Preventing the Corrosion of
Mild Steel [ J ]. Applied Surface Science,2013,268 (1) :
302—311.

SABOURI M, SHAHRABI T, FARIDI H R, et al. Polypyr-

role and Polypyrrole-tungstate Electropolymerization Coat-

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

ings on Carbon Steel and Evaluating Their Corrosion Protec-
tion Performance Via Electrochemical Impedance Spectros-
copy[ J]. Progress in Organic Coatings,2009,64 (4) :429—
434,

HUR E,BEREKET G,SAHIN Y. Corrosion Performance of
Self-doped Sulfonated Polypyrrole Coatings on Stainless
Steel[ J]. Materials Chemistry and Physics, 2006,100(1) ;
19—25.

ZHANG T,ZENG C L. Corrosion Protection of 1Cr18Ni9Ti
Stainless Steel by Polypyrrole Coatings in HCl Aqueous So-
lution[ J ]. Electrochimica Acta, 2005,50 (24):4721—
4727.

GONZALEZ M B ,SAIDMAN § B. Electrodeposition of Poly-
pyrrole on 316L Stainless Steel for Corrosion Prevention
[J]. Corrosion Science,2011,53(1) ;:276—282.

SHENG N,LEI Y,HYONOO A, et al. Improvement of Poly-
pyrrole Films for Corrosion Protection of Zinc-coated AZ91D
Alloy[ J ]. Progress in Organic Coatings, 2014,77 (11) .
1724—1734.

VOLPI E,TRUEBA M, TRASATTI S P, et al. Effect of Poly-
pyrrole Conformational Rearrangement on Al Alloys Corro-
sion Protection[ J]. Journal of Electroanalytical Chemistry,
2013,688(1) :289—297.

CASTAGNO K R L,DALMORO V,AZAMBUJA D S. Char-
acterization and Corrosion of Polypyrrole/Sodium Dodecyl-
benzene Sulfonate Electropolymerised on Aluminum Alloy
1100[ J ]. Materials Chemistry and Physics, 2011, 130 ( 1/
2):721—-726.

REDONDO M I,BRESLIN C B. Polypyrrole Electrodeposit-
ed on Copper From an Aqueous Phosphate Solution; Corro-
sion Protection Properties [ J]. Corrosion Science, 2007 ,49
(4) :1765—1776.

LEI Y H,SHENG N,HYONO A, et al. Effect of Benzotri-
azole ( BTA) Addition on Polypyrrole Film Formation on
Copper and Its Corrosion Protection[ J]. Progress in Organic
Coalings 2014 ,77(2) :339—346.

TUKEN T,YAZICI B, ERBIL M. Polypyrrole/Polythiophene
Coating for Copper Protection[ J ]. Progress in Organic Coat-
ings,2005,53(1) :38—45.



