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ABSTRACT: The failure mechanism and the transportation behavior of water of a polypropylene coating in 3.5wt.%NaCl
solution was investigated by electrochemical impedance spectroscopy (EIS). The EIS data were fitted by equivalent circuits, the
corrosion protection performance in different immersing time was obtained, and the diffusion rate of water in the coating was
calculated. The results indicated that the corrosion protection performance of the polypropylene coating was rapidly weakened
after immersed in the 3.5wt.% NaCl solution. The resistance of the coating dramatically dropped from 5.33x10° Q-cm? to
1.08x10° Q-cm? after immersed for 6 days, and then became stable. Based on the relation between the capacitance of coating
and immersing time under 10 kHz, the water had uniform penetration in the coating at the early stage, and its transportation
behavior followed the second Fick’s law, which was a complex unsteady process. The diffusion coefficient was 3.12x10"!
cm?/s. The time of homogeneous diffusion of water in the coating is about 144 h, consistent with the time for the resistance of
coating dropped down to a stable value. At this time, the water absorptivity of the coating was 8.25wt.%. When the
polypropylene resin coating was immersed in NaCl solution, the infiltration of water and its transportation to the metal substrate
was the main reason to lead the failure of the polypropylene coating. When the water transportation did not follow the the
second Fick’s law, the water in the coating reached saturation. At that time, the protection performance of the coating was
hugely declined, and the corrosion reaction has begun to occur at the interface. It could be known from this study that the EIS
could be well used in detecting the diffision of water through coating quantitatively. This could be used in evalating the
protection performance of coating, preticting the service life and analysing failure mechanism.

KEY WORDS: polypropylene coating; corrosion protection; electrochemical impedance spectroscopy; electrolyte; diffusion;
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Fig.1 The Nyquist plots of the polypropylene coating in different
immersing time
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Tab.1 Parameters of the transportation of water through
the polypropylene coating

Diffusion Relative dielectric saturation volume
coefficient coefficient of dry fraction of water in
Di(em?s™) coating &g coating ¢,,/wt.%
3.12x10™" 0.025 8.25
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Tab.2 Element parameters obtained by using equivalent circuitsto fit EIS of the polypropylene coating after immer sed for

different time

Immersing time/d Qp/(F~cm'2) Rp/(Q-cmz) Z,/(Q-cm?) CPE/(Ss"-cm™) ne RJ(Q-cm?)
0 1.06x107"° 2.32x10" 1.52x107"° 0.673 2.88x10"°
1 1.19x107"° 2.16x107 7.29%x1071° 8.43x1071° 0.999 3.62x10°
2 1.28x1071° 5.68x10° 1.54x107° 9.37x1071° 0.881 1.81x10°
3 1.21x107"° 5.87x10° 2.41x107° 9.90x107"? 0.830 1.42x10°
4 7.77x107" 1.33x10° 8.16x107° 9.39x107"° 0.736 2.24x10°
6 7.59%x107" 6.81x10* 1.79x1078 1.03x107° 0.715 1.89%10°
8 6.26x107"" 1.09x10° 9.47x107"° 0.712 2.34x10°
10 7.47x107" 1.00x10° 9.51x1071° 0.706 2.41x10°
12 1.01x107"° 2.93x10° 1.02x107° 0.674 2.37x10°
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