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In this study, corrosion properties of galfan-coated carbon steel were compared and analyzed after apply-
ing trivalent chromium chemical conversion treatment and polymer coating techniques. Potentiodynamic
polarization and galvanostatic corrosion experiments were performed to compare corrosion resistance of
galfan-coated carbon steel with different coatings. Results of the potentiodynamic polarization test demon-
strated that the specimen treated with both trivalent chromium chemical conversion and polymer coating
exhibited superior corrosion resistance to other specimens, showing the lowest corrosion current density of
0.058 pA/cm?. In contrast, the specimen coated only with galfan presented the highest corrosion current
density of 0.118 pA/cm?, indicating the lowest corrosion resistance. These results were further validated
through additional analyses, including galvanostatic corrosion experiment, 3D microscopy, scanning elec-
tron microscopy, and energy-dispersive spectroscopy. Results of this investigation confirmed that trivalent
chromium chemical conversion treatment along with polymer coatings could effectively enhance corro-
sion resistance of carbon steel, offering a promising and environmentally friendly anti-corrosion technol-

ogy.
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Fig. 1. Schematic diagram of cell for electrochemical
experiments
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Table 1. Process conditions for each coating specimen

Al Mg Cu Fe
10~12 [2.5~3.5| 0.03< 0.075<
Plating bath
Galfan Pb Sn Cd Zn
0.004< | 0.001<| 0.001< Bal.
Process temp. 440+30 °C
Item |Standard conc. Range
Plating bath
F-2200 A | 150ml/L |80~300 ml/L
Galfan |Process temp. 40~ 60 °C
+Cr'" [process time 1~10s
pH 1.2~22
Drying temp. 40 ~ 80 °C
Item |Standard conc. Range
F-2200 A| 150 mL/L  |80~300 ml/L
Galfan .
Plating bath | F-2200 B 50 mL/L  |10~100 ml/L
+ Top
F-2200 S 20 mL/L 10~50 ml/L
A:B:C=15%:2%:10%
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EFFECT OF Cr’* CHEMICAL CONVERSION TREATMENT AND POLYMER COATING ON CORROSION RESISTANCE OF GALFAN-
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Fig. 2. Results of the potentiodynamic polarization experiment
in 5 wt% NaCl solution
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Fig. 3. Results of potentiodynamic polarization experiment
in 5 wt% NaCl solution
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Fig. 4. 3D analysis images (a) and maximum damage depth (b) after potentiodynamic polarization experiment compared to
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EFFECT OF Cr’* CHEMICAL CONVERSION TREATMENT AND POLYMER COATING ON CORROSION RESISTANCE OF GALFAN-

COATED CARBON STEEL

Table 2. Comparison of average surface roughness with potentiodynamic polarization experiment (unit: pm)

Carbon steel Galfan Galfan + Cr** Galfan + Top
Before 1.531 1.166 1.125 2.637
1 8.842 3.113 2.324 3.536
2 6.278 2.303 2.453 2.468
After
3 9.581 2.865 1.689 2.146
Avg. 8.234 2.760 2.155 2,717
Difference 6.703 1.594 1.030 0.080

Table 3. Comparison of average maximum damage depth with potentiodynamic polarization experiment (unit: pum)

Galfan Galfan
Carbon steel Galfan s + Top
Before 10.783 3.788 5.181 21.242
1 49.205 25.819 10.317 25.956
2 48.554 22.920 16.076 23.002
After
3 48.910 29.585 15.392 22.596
Avg. 48.890 26.108 13.928 23.851
Difference 38.107 22.320 8.747 2.609
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polarization experiment
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Table 4. Comparison of average surface roughness with galvanostatic corrosion experiment (unit: pum)

Carbon steel Galfan Galfan + Cr** Galfan + Top
Before 1.531 1.166 1.125 2.637
1 1.765 1.470 1.293 1.248
2 4.660 1.146 1.308 1.718
After
3 5.324 1.981 1.444 1.615
Avg. 3.916 1.532 1.348 1.527
Difference 2.385 0.366 0.223 -1.110

Table 5. Comparison

of average maximum d

amage depth with galvanostatic corrosion exp

eriment (unit: pm)

Carbon steel Galfan Galfan + Cr** Galfan + Top
Before 10.783 3.788 5.181 21.242
1 23.450 7.191 8.332 13.938
After 2 26.766 8.060 8.822 20.558
3 22.403 8.172 8.416 12.593
Avg. 24.206 7.808 8.523 15.696
Difference 13.423 4.020 3.342 -5.546
Eo1E Uehdc mebd Bageh 2o 4 94 A, 27 o AR 39E BEe vekd el
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Fig. 11. EDS analysis results after galvanostatic corrosion experiment
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