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Structure analysis of the nanocomposite coatings
The chemical component of the nanocomposite polymers was analyzed using FTIR and XPS techniques. Fig. S1 showed the FTIR curves of the pure FPI and the nanocomposite polymers (FPI/POSS-4 and FPI/POSS-8). Except for the new peak of the nanocomposite polymers at 1108 ~ 1110 cm-1 (Si-O-Si) due to the POSS and FPI star crosslinking [1], the pure FPI and the nanocomposite polymers exhibited similar characteristic absorption peaks, including the characteristic absorption peaks of imide rings at 1720 cm-1 (υsym C=O), 1781 cm-1 (υasym C=O), and 1369 cm-1 (υC-N imide). All the characteristic peaks of the pure FPI and the nanocomposite polymers are well defined, indicating successful preparation of pure FPI and their nanocomposite polymers. To further investigate the chemical composition of the nanocomposite polymer coatings, the XPS survey spectrum of the coatings were shown in Fig. S2a, c, e, where three main peaks of C 1s, O 1s and F 1s can be clearly observed in the survey spectra, a weak N 1s peak also was detected. Further, the C1s fine spectrum of the nanocomposite polymer coatings samples related to the chemical state of the C element were displayed in Fig. S2b, d, f, where the peaks located at 284.6, 285.2, 285.5, 286 and 289 eV were corresponded to the C-Si, C-C, C-N, C-O, C=O, respectively [2]. Simultaneously, the new presence of peak at 282.6 eV represented C-Si, this can be explained from the POSS star cross-linked FPI [3]. In Fig. S3, the basic phase structure the coatings were examined using XRD. Obviously, due to the poor crystallinity of the pure FPI, FPI/POSS-4 and FPI/POSS-8 coatings, which exhibited a large envelope characteristic peak in the XRD pattern, the peaks at 2θ=19.8° and 21.5° can be related to Si-O-Si linkages of POSS [4]. The above results indicated that the basic components in all the coatings did not change during the heating and curing process, which provided a basic guarantee for their enhancement effect.

[image: ]
Fig. S1. FTIR spectra of the pure FPI, FPI/POSS-4 and FPI/POSS-8 coatings.
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Fig. S2. XPS survey spectra of the nanocomposite polymer coatings with different mass ratio of POSS to FPI: (a) 0, (c) 4 and (e) 8, high-resolution XPS spectra of C 1s of the nanocomposite polymer coatings with different mass ratio of POSS to FPI: (b) 0, (d) 4 and (f) 8.
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Fig. S3. XRD patterns of the pure FPI coating, FPI/POSS-4 and FPI/POSS-8 coatings.

Thermomechanical Properties
As illustrated in Fig. 4a, the thermal stabilities of pure FPI, FPI/POSS-4 and FPI/POSS-8 were evaluated by the degradation temperature at a 5% weight loss (T0.05). Notably, FPI exhibited commendable heat resistance, with T0.05 at 524 °C. However, the heat resistance of crosslinked polymers with different mass content of POSS varied noticeably. With a POSS mass content of 4, T0.05 increased to 533 °C, indicating a 9 °C improvement compared with pure FPI. Conversely, with a mass content of 8, T0.05 sharply decreased to 482 °C. This suggests that an appropriate amount of POSS crosslinked FPI enhances the polymerization degree and restricts the free movement of the FPI molecular backbone. Conversely, excessive POSS, as in the case of FPI/POSS-8, does not contribute to further crosslinking with FPI molecules [5], resulting in a decline in the degree of polymerization and limiting FPI thermoimidation. Fig. 4b presents the DSC curve, revealing that all samples exhibit a single glass transition temperature. The magnitude relationship is as follows: FPI/POSS-8 (225°C) < FPI (230°C) < FPI/POSS-4 (238°C), aligning with the thermal decomposition temperature. This reaffirms that POSS star crosslinked FPI enhances its heat resistance.
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Fig. S4.TGA curves of pristine FPI, FPI/POSS-4 and FPI/POSS-8 coatings (a), DSC curves of pristine FPI, FPI/POSS-4 and FPI/POSS-8 coatings (b).

[image: ]
Fig. S5. Variation of the electrochemical fitting parameters of the nanocomposite polymer coatings with different neutral salt spray times: (a) Rc, (b) Rct, (c) Qc and (d) Qct.
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Fig. S6. Variation of the electrochemical fitting parameters of the superhydrophobic FPI/POSS@POA/F-SiO2 coating with different neutral salt spray times: (a) Rc, (b) Rct, (c) Qc and (d) Qct.
Table S1
Types and percentages of the corrosion products exposed to the coating surface.
	Samples
	Fe (%)
	Fe2O3 (%)
	Fe3O4 (%)
	FeOOH (%)
	Sat. (%)

	FPI
	9.61
	44.84
	9.19
	30.22
	6.14

	[bookmark: _Hlk156949749]FPI/POSS-4
	0.00
	0.00
	0.00
	0.00
	0.00

	FPI/POSS-8
	14.90
	48.45
	10.28
	15.15
	11.21

	FPI/POSS@POA/F-SiO2
	0.00
	0.00
	0.00
	0.00
	0.00
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