[image: C:\Users\yaoj993\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\figure 1-new.tif]
Figure 1. Photos showing the metal-paint interface preparation process. 

Figure 1 depicts the metal-paint interface preparation process. After the Al coupons are fixed in the epoxy resin (a), they are sprayed with the commercial paint product and set for 24 h till they are completely dry (b). Four lines are scribed on the paint that is on top of the Al coupons cylinders (c). The carved Al coupon cylinders are exposed to air and salt solution for three weeks in petri dishes, respectively (d). The Al coupon cylinders are cut and trimmed to expose the metal-paint interfaces (e) and coated with gold layers prior to ToF-SIMS analysis (f).
[image: C:\Users\yaoj993\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\figure 1-new(2).tif]
Figure 2. The schematic of the metal-paint interface analysis by ToF-SIMS and a photo of the IONTOF V instrument.
Figure 2 illustrates the analysis process of metal-paint interface using ToF-SIMS. The metal-paint interface (a) is bombarded by Bi3+ primary ion beam and generates the secondary ions, resulting in the mass spectra (b) and SIMS image (c). The ToF-SIMS V instrument (d) used for metal-paint interface analysis in this work is displayed.
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Figure 3. Comparison of mass spectra acquired from the metal-paint interfaces of Al coupons treated in a salt solution and in air.
Figure 3 presents the comparison of mass spectra between the metal-paint interface soaked in a salt solution and the interface exposed to air. The mass spectra of the two samples are acquired using 25 kV Bi3+ ion beam scanned in 300 µm x 300 µm ROIs.  The mass resolution (m/∆m) of salt solution treated sample is approximately 5600 at peak of m/z- 26. The raw data of the mass spectra are exported after binning 10 channels. A graphical software is applied to plot the mass spectra for presentation. It is known that the protective layers containing Al(OH)3 are formed after the Al corrosion starts6.  The oxide (Al3O5-) and oxyhydroxide species (Al2O4H-, Al2O5H3-, Al3O6H2-) of Al(OH)3 fragments 7 are observed in the metal-paint interface of salt solution exposed Al coupon (Figure 3a) and are more prominent comparing to the same peaks in air-exposed sample (Figure 3b). It indicates that the Al coupon exposed in the salt solution has experienced more severe corrosion comparing to the air-exposed one. The result is consistent with the known knowledge that the solution containing the salts, such as seawater, is chemically aggressive and contributes to the corrosion process of Al alloy.
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Figure 4. Molecular images of chemical species at the metal-paint interface of Al coupons treated in salt solution and in air.
[bookmark: _GoBack]Figure 4 depicts the 2 dimensional (2D) molecular images of selected Al species m/z- 161 Al3O5- and 179 Al3O6H2- acquired from the metal-paint interface treated with salt solution (Figure 4a) and the interface exposed to air (Figure 4b). The depicted ion intensities of m/z- 161 and 179 are normalized to the intensities of total ions, respectively. The images of the same peak are adjusted to the identical color scale. The images are obtained from 100 scans of 256 x 256 pixels of the 300 × 300 µm ROI. The 2D images provide the distribution of the chemical species of the Al corrosion products in two different samples. The peaks m/z- 161 and 179 are more prevalent in the metal-paint interface treated with salt solution by displaying stronger intensities than the ones shown in the air-exposed sample. This result agrees with the mass spectra results and further demonstrates ToF-SIMS’s analytical capabilities of chemical identification and molecular imaging.
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