
1 
 

Supplementary Material for the manuscript: 

Innovative Coatings for Corrosion Protection of Historical Aluminium Alloys in 

Aerospace Heritage  

Marco Valente (given name) Chavez Lozano (family name)a1, Elena Bernardib*, Carla Martinic, Andrea 

Balbod, Elena Burattie, Federica Zanottod, Cristina Chiavaria*   

ᵃ Department of Cultural Heritage, University of Bologna, Via degli Ariani 1, 48121, Ravenna, Italy  

ᵇ Department of Industrial Chemistry “Toso Montanari”, University of Bologna, Via Piero Gobetti 85, 40129, 
Bologna, Italy  

ᶜ Department of Industrial Engineering, University of Bologna, Viale del Risorgimento 4, 40136, Bologna, Italy 

ᵈ Corrosion and Metallurgy Study Centre “A. Daccò”, Department of Engineering, University of Ferrara, via G. 
Saragat 4A, 44122, Ferrara, Italy 

e Department of Chemical, Pharmaceutical and Agricultural Sciences, University of Ferrara, Via Luigi Borsari 46, 
44121, Ferrara, Italy 

*Corresponding authors: elena.bernardi@unibo.it; cristina.chiavari@unibo.it   

 

Figure S1. Estimated protective coating thicknesses. Pag.3 

Figure S2. Microphotographs (3D-digital microscope) of uncoated corroded substrates before ageing (A) and 

after runoff exposure with 20 days of ToW (B). Yellow ovals highlight the areas of calcareous concretions, 

dissolved after dripping (B). Pag.3 

Figure S3. Raman spectra (Renishaw InVia, 785 nm laser) of an uncoated corroded substrate before ageing, 

acquired on different surface points: a black, rough area (A), a reddish area (C), a clear, compact area (C), and a 

clear, irregular area (D). Reference spectra from the RRUFF database [1] were included. All sample spectra 

underwent linear baseline subtraction, and spectrum D had one spike removed, employing the Omnic® 9 

software package (Thermo Scientific). Bands attributed to black carbon presence [2] are marked with black 

circles. Pag.4 

Figure S4. Surface element weight percentage (wt.%) across ageing steps for uncoated corroded substrates. The 

x-axis is not proportional to the timescale, particularly for the duration of the climatic chamber ageing. In the 

climatic chamber step, dashed lines represent ageing in dark conditions, whereas solid lines indicate ageing 

under UV. Values were averaged from at least 3 measurements, with error bars showing the respective standard 

deviation (SD). Pag.5 

Figure S5. Microphotographs (3D-digital microscopy) of a corroded substrate coated with PB72 before ageing 

(A), after runoff exposure with 10 days of ToW (C), with 20 days of ToW (E), and after climatic chamber ageing 

either in dark conditions (B) or with UV light (D and F). Pag.6 

mailto:elena.bernardi@unibo.it
mailto:cristina.chiavari@unibo.it


2 
 

Figure S6. ATR-FTIR spectra for a cutin-based coating reference (A, recorded on a modern Al-alloy substrate), a 

corroded substrate coated with cutin-based protection before ageing (B), after runoff exposure with 20 days of 

ToW (C), and after climatic chamber ageing either in dark conditions (D) or with UV light (E). Spectra were 

normalized considering the strongest infrared band at 1695 cm-1 Pag.7 

Figure S7. Periodic Al release (g d-1 cm-2) from uncoated corroded substrates over ToW during runoff exposure. 

Values were averaged from at least 3 measurements, with error bars showing the respective SD. Pag.7 

Figure S8. Microphotographs (3D-digital microscope) of an uncoated painted substrate before ageing (A), after 

runoff exposure with 10 days of ToW (B), after 20 days of ToW (C), and after climatic chamber ageing either in 

dark conditions (D) or with UV light (E). Pag.8 

Figure S9. Surface element weight percentage (wt.%) across ageing steps for uncoated painted substrates. The 

x-axis length is not proportional to the timescale, particularly for the duration of the climatic chamber ageing. In 

the climatic chamber step, dashed lines represent ageing in dark conditions, whereas solid lines indicate ageing 

under UV. Values were averaged from at least 3 measurements, with error bars showing the respective SD. Pag.9 

Figure S10. ATR-FTIR spectra for a cutin-based coating standard reference (A, recorded on a modern Al-alloy 

substrate), an uncoated painted substrate (B), a painted substrate coated with cutin-based protection before 

ageing (C), after being subjected to runoff with 20 days of ToW (D), and after climatic chamber ageing either in 

dark conditions (E) or with UV light (F). Changes possibly influenced by NO2 vibrations are emphasized with a 

yellow triangle. Spectra were normalized considering the strongest infrared band. Pag.10 

Figure S11. Periodic values of Zn released in the AR solution from uncoated painted substrates during the runoff 

ageing test (g d-1 cm-2). Values were averaged from at least 3 measurements, with error bars showing the 

respective SD. Pag.10 
 

Table S1. Summary of total colour change (ΔE*) for corroded and painted substrates (CC = Climatic Chamber; SD 

= Standard Deviation). Pag.11 

References Pag.12 

  



3 
 

 

 

                                                                                                                                  

 

                                                                                                                                   

 

 

 

 

 

 

Figure S1. Estimated protective coating thicknesses.  

 

 

Figure S2. Microphotographs (3D-digital microscope) of uncoated corroded substrates before ageing 

(A) and after runoff exposure with 20 days of ToW (B). Yellow ovals highlight the areas of calcareous 

concretions, dissolved after dripping (B). 
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Figure S3. Raman spectra (Renishaw InVia, 785 nm laser) of an uncoated corroded substrate before 

ageing, acquired on different surface points: a black, rough area (A), a reddish area (C), a clear, compact 

area (C), and a clear, irregular area (D). Reference spectra from the RRUFF database [1] were included. 

All sample spectra underwent linear baseline subtraction, and spectrum D had one spike removed, 

employing the Omnic® 9 software package (Thermo Scientific). Bands attributed to black carbon 

presence [2] are marked with black circles. 
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Figure S4. Surface element weight percentage (wt.%) across ageing steps for uncoated corroded 

substrates. The x-axis is not proportional to the timescale, particularly for the duration of the climatic 

chamber ageing. In the climatic chamber step, dashed lines represent ageing in dark conditions, 

whereas solid lines indicate ageing under UV. Values were averaged from at least 3 measurements, 

with error bars showing the respective standard deviation (SD).  
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Figure S5. Microphotographs (3D-digital microscopy) of a corroded substrate coated with PB72 before 

ageing (A), after runoff exposure with 10 days of ToW (C), with 20 days of ToW (E), and after climatic 

chamber ageing either in dark conditions (B) or with UV light (D and F). 
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Figure S6. ATR-FTIR spectra for a cutin-based coating reference (A, recorded on a modern Al-alloy 

substrate), a corroded substrate coated with cutin-based protection before ageing (B), after runoff 

exposure with 20 days of ToW (C), and after climatic chamber ageing either in dark conditions (D) or 

with UV light (E). Spectra were normalized considering the strongest infrared band at 1695 cm-1. 

 

Figure S7. Periodic Al release (g d-1 cm-2) from uncoated corroded substrates over ToW during runoff 

exposure. Values were averaged from at least 3 measurements, with error bars showing the respective 

SD. 
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Figure S8. Microphotographs (3D-digital microscope) of an uncoated painted substrate before ageing 

(A), after runoff exposure with 10 days of ToW (B), after 20 days of ToW (C), and after climatic chamber 

ageing either in dark conditions (D) or with UV light (E). 
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Figure S9. Surface element weight percentage (wt.%) across ageing steps for uncoated painted 

substrates. The x-axis length is not proportional to the timescale, particularly for the duration of the 

climatic chamber ageing. In the climatic chamber step, dashed lines represent ageing in dark conditions, 

whereas solid lines indicate ageing under UV. Values were averaged from at least 3 measurements, 

with error bars showing the respective SD. 
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Figure S10. ATR-FTIR spectra for a cutin-based coating standard reference (A, recorded on a modern Al-

alloy substrate), an uncoated painted substrate (B), a painted substrate coated with cutin-based 

protection before ageing (C), after being subjected to runoff with 20 days of ToW (D), and after climatic 

chamber ageing either in dark conditions (E) or with UV light (F). Changes possibly influenced by NO2 

vibrations are emphasized with a yellow triangle. Spectra were normalized considering the strongest 

infrared band. 

 

 

 

 

 

 

 

 

 

 

Figure S11. Periodic values of Zn released in the AR solution from uncoated painted substrates during 

the runoff ageing test (g d-1 cm-2). Values were averaged from at least 3 measurements, with error 

bars showing the respective SD. 
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Table S1. Summary of total colour change (ΔE*) for corroded and painted substrates (CC = Climatic Chamber; SD = Standard Deviation).  

  

  Before vs. after coating Before coating vs. after runoff   Before coating vs.  
after runoff + CC with UV 

Before coating vs.  
after runoff + CC (dark) 

Corroded 
substrates L* a* b* E*  L* a* b* E*  L* a* b* E* L* a* b* E*  

Uncoated - - - - 1.31 -0.67 -0.91 3.28 5.86 -0.61 -1.30 6.04 5.82 -0.24 -1.36 6.44 
SD  - - - - 2.83 1.29 1.42 1.80 1.57 0.23 0.34 1.54 4.32 0.65 1.94 3.89 

PB72 -0.20 0.31 0.32 2.30 0.08 0.003 0.17 2.21 -0.96 0.13 0.23 3.07 -0.16 -0.06 0.69 2.84 
SD  2.80 1.16 1.25 1.63 2.39 0.36 1.03 1.27 3.44 0.33 0.61 1.02 3.65 0.46 0.79 2.03 

PropS-SH 1.81 -0.35 -2.86 3.44 1.62 -0.10 -0.31 3.02 0.60 0.29 1.92 3.31 2.59 -0.18 0.04 2.82 
SD  3.12 0.95 1.52 0.93 3.00 0.30 1.38 2.02 3.00 0.15 1.08 1.04 2.68 0.15 1.01 2.55 

Cutin-based -1.73 0.26 6.53 8.03 0.35 -0.05 6.43 7.28 -0.59 0.13 1.72 3.35 -0.56 -0.38 7.27 7.61 

SD  4.48 0.45 3.32 3.27 2.65 0.34 3.66 2.81 3.29 0.40 1.08 1.27 2.39 0.57 3.00 2.98 

Painted 
substrates L* a* b* E*  L* a* b* E*  L* a* b* E* L* a* b* E*  

Uncoated - - - - 2.10 -1.05 -2.35 3.37 1.68 -0.73 -1.64 2.70 1.70 -0.67 -1.74 2.54 
SD  - - - - 0.55 0.26 0.43 0.39 1.21 0.49 0.46 0.54 0.43 0.23 0.48 0.54 

PB72 -0.27 -0.15 0.03 0.56 0.21 -0.21 -1.29 1.46 -0.56 -0.09 -0.55 0.81 -0.14 -0.37 -2.33 0.86 
SD  0.36 0.13 0.39 0.24 0.44 0.32 0.94 0.88 0.19 0.13 0.41 0.42 0.58 0.54 3.35 0.60 

PropS-SH -1.06 0.06 0.14 1.31 0.96 -0.08 -0.52 1.60 0.11 0.04 0.41 1.32 1.66 0.18 0.21 1.76 
SD  0.75 0.30 0.69 0.72 1.18 0.22 0.69 0.63 1.10 0.57 1.14 0.88 0.47 0.20 0.60 0.54 

Cutin-based  -6.38 3.30 13.45 15.28 -5.83 3.48 14.57 16.09 -1.68 0.51 6.05 6.32 -5.07 2.00 13.34 14.43 
SD  1.94 0.59 1.99 2.57 1.58 1.13 2.80 3.32 0.52 0.21 0.69 0.70 1.15 0.41 1.15 1.46 
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