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Electrochemical synthesis of polypyrrole/polydopamine for

aluminum alloy corrosion inhibition
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Abstract: Polypyrrole (PPy)/polydopamine (PDA) coating was prepared on the surface of 7075 aluminum alloy

through electrochemical polymerization to improve the corrosion resistance of aluminum alloy organic coatings. FE-

SEM, atomic force microscope and FTIR were used to analyze the surface morphology, surface roughness and chem-

ical composition of PPy/PDA coating, respectively. AC impedance spectroscopy was applied to study the impedance

characteristics of the coating. The polarization voltage and polarization current of the aluminum alloy coated with

PPy/PDA were analyzed by polarization curves to study the corrosion resistance. The research shows that pyrrole

and

dopamine simultaneously electrochemically polymerize on the aluminum alloy surface by one-step electrochemical

polymerization. PPy molecular chains and PDA molecular chains form network interpenetrating structure. PPy/

PDA coating has a sea-island structure with a surface roughness of (73.740+7.811) nm, which is close to the

roughness of the pure PPy coating (74.582+7.227) nm. The polarization curves indicate that the corrosion current

and

corrosion voltages of the coated PPy/PDA coating are 4.1825>X10 % A+cm ? and —0. 6919 V., respectively.

And the corrosion current and corrosion voltages of the pure PPy are 7.618 X 107% Aecm ? and — 0. 7403 V,

respectively.
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AR R X EL R L 4 AR HR A 7075 BR A Ao TAE
B, M ATH R BB (SCE) A 2 Fe s, HL i BN
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Fig. 1 FE-SEM images and AFM images of an electrochemically deposited polypyrrole(PPy)

anticorrosive coating on an aluminum alloy surface and polypyrrole/polydopamine(PPy/PDA) coating
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(b) PPy/PDA

Bl 2§84 4RI AL F YUY PPy Rl PPy/PDA B JE U 2 # 1 19 FE-SEM 1%
Fig. 2 FE-SEM images of cross section of electrochemically deposited PPy and PPy/PDA

anticorrosive coating on aluminum alloy surface
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Fig. 3 FTIR spectra of pure PPy and PPy/PDA coatings

on aluminum alloys

Ty 3 e A A A R LT, 1 080 em ! Ah R W i
U S M % 3R 1) C—N 4R g I i g, 975 em Ak
o W AT U e C— H A5 il i sh et L Ak 2 By o AT
SEHL NN, T BRI 22 1 i PR A TR) A E AT R Ak
FRE AW PPy/PDA R Z, DMIAEM G & RE
PPy 4 F # il PDA 43 F 8 7] fig P A W 2% B %F
458,
2.3 PPy/PDA WX i# AL

WA 4. 4l PPy IR )20 A 4 (pure PPy
coated AD) Fl PPy/PDA % 2 [ #4 & 4 (PPy/PDA
coated ADFABHE 3. 5% NaCl FHRIZ L 48 h J5 1Y
B AL 2 S R BT R RS 8] 4 iR . o T B 4 M e R
2B AER . R A ZsimpWin 84414 32 ¥ B
Pk, HAEsh s 5 s, Bk, R(Q

4000
m Al
3500 [ ® PPy/PDA coated Al
A Pure PPy coated Al
3000 | Fitted

2500
2000

-Z"/ (Q - cm?)

1500
1000

500

0 1000 2000 3000 4000 5000 6000 7000
Z/(Q - cm?)

4 # AL A . 2l PPy 1 PPy/PDA %2
AL Ak 2 22 3 L It £k
Fig. 4 Electrochemical impedance spectroscopy of bare Al

pure PPy and PPy/PDA coatings

CWRO) BT TR AL Fr 0 B Ak 2 22 37 B4t it
24, RCQRW)) (CRO A T4 PPy IR 2 1 H
feeEzg By 2 . SR AR AR 22 () PRAS LG 1Y
SRR, BLARA 4. 4 PPy 2R A 4 Fl PPy/
PDAWRZMB G &R ¢ 4 0lJ2 5.29 X
107, 4.52X 10 *F1 9. 6X10*, #FELO “*~10"°,
RUNZBRA R, B R ILE 1. 76 PPy )2
TERY ARG &R 2SR B, R, AR A,
R & HLfar % B BT, Co AR 3% A M 0T 55 258 K 22 (0] 1Y
L Z AT, R AR 209 s B, B ] 3 & (Q
(RW)O) RN 10 B2, AL 45 Ji ol s 1 ) 5 g ok
PR TR Y B R, WARENEE SN
it BT 1 P 5 B — A 2R R, 3R W e A% 3 R AR A
LA B/ W LT AL . PPy/PDA 4 J2 1 v faf 5 7%



EAMBER

+ 2368 -
0 102
Ry ‘ 107
Rct | w —~
E 100
Solution < Pure PPy coated Al
F 10°F
(a) RQQRW)) g
=
O 10°r
0 PPy/PDA coated Al
R ‘ 107 1
S 1 1 1 1
-1.0 -0.8 -0.6 -0.4 -0.2 0
R = W .
Potential (vs SCE)/V
Solution Protective coating B 6 # Al . 4l PPy fl PPy/PDA %21 Tafel Hi£k

Fig. 6 Tafel curves of bare Al, pure PPy and
(b) RCQRW))(CR) .
PPy/PDA coatings
5 AR R
Fig. 5 Equivalent circuit 51‘%%%@21‘@ e, /E\‘ﬁ PPY %E%ﬁﬁﬁ@ﬁ%@%ﬁ

FLHT R 42 3 975 Q-+« cm®, # 1 F 4l PPy & )2
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T PPy 40 F#5 Fl PDA 43 F 8% 2 [ JE B W 4% B 2¢ 45
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K 6 AR RS AE 3. 5% NaCl #2330 min J5
fIM Al 2k . AR AL £, R B R A B
5 B Sl LA (e (vs SCED / V) I itk B (T e/
(Aecm *)), W 2 i, 45A K 6 ME 2 7] H,

R G DR O R T 5 A S RE S 0 6 ik R
(RO :

R.=1[32721.,.(Wy) ]/Ad (D
Horpy Re R B il (mm/y) 5 . R G bl H 3
(A/em®) s Wi REAITTER M HE () A MM
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Table 1 Electrochemical impedance parameters of bare Al, pure PPy and PPy/PDA coatings
Simple R,/(Qecm?) R./(Q+cm?) QYo/(10 'Q teecm 2 S") Qn Cq/(Fecm ?) Ri/(Q+cm?)
Bare Al 18. 200 7493 0. 2546 0. 7853 — —
Pure PPy 10. 201 4.75 0. 5877 0.7283 8.89x10 ¢ 3712
PPy/PDA 9.228 3975 40. 25 0. 7807 2.61X103 4471

Notes: R,, R;, R.—Solution resistance, charge transfer resistance and the resistance of the inhibitor-adsorption layer, respectively; Cq—Con-

stant phase element; Q-Yo, Qn

To described Q;, which is the CPE of the layer.

&2 Tafel Wiz B 23T AR Al 5. 41 PPy 70 PPy/PDA R E MR 4L BB EFR L iR
Table 2 Polarization voltage and polarization of bare Al, pure PPy and

PPy/PDA coatings current calculated from the Tafel test curve

Simple @eorr (vs SCE) /V Jeore/(Ascm™?) Re/(mmey™ 1) R,/(Q+cm?)

Bare Al —0.7929 3.018 X10~* 0. 336 340. 51

Pure PPy —0. 7403 7.618X10°6 0. 084 1 250. 47

PPy/PDA —0.6919 4.1825X10°6 0. 046 2 494. 86
Notes: @eorrs Jeorr—Corrosion potential and corrosion current; Rc¢, R,—Corrosion rate and polarization impedance.
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KM (em™) s d AFEMEE (g/em’), 7075 FRE 4
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0.336, 0.084 #10. 046 mm/y, Hit, PPy/PDA fi
ARHFEAE A S MR, 5 —Jr i, AkB
Pt R, AT LA A5
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