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Table S1 shows the detailed composition of suberinic acids used in the current study, which was 
modified from previously published data. 

 

Table. S1. Composition of suberinic acids, modified from previously published data[1]. 
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Figure S1 shows the 31P NMR spectra used for the quantitative analysis of hydroxyl groups in 

suberinic acids cured for different time lengths.  

 

Fig. S1. Comparison of aliphatic -OH region and -COOH region of suberinic acids in 31P NMR spectra from 0 to 50 
minutes of thermal polymerization at 190 ºC. Spectra are normalised to internal standard. 
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Figure S2 highlights the carboxylic acids region in the 31P NMR spectra of suberinic acids. The blue 

area indicates betulinic acid, red area refers to trans-ferulic acid, and the brown area is from aliphatic 

carboxylic acids. 

 

Fig. S2. Carboxylic acids region in the 31P NMR spectra of suberinic acids. 
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Figure S3 highlights the aliphatic -OH region in the 31P NMR spectra of suberinic acids. The blue area 

at 147 and 146 ppm represents the primary and secondary -OH of betulin, respectively. The brown 

area refers to the -OH from hydroxy acids.  

 

Fig. S3. Aliphatic -OH region in the 31P NMR spectra of suberinic acids. 
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Figure S4 highlights the aliphatic -OH region in the 31P NMR spectra of suberinic acids. The peaks at 

140 and 139 ppm represent the secondary -OH of condensed guaiacyl and ferulic acid, respectively. 

 

Fig. S4. Phenolic -OH region in the 31P NMR spectra of suberinic acids. 
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Figure S5 shows the full representative ATR-FTIR spectra of suberinic acids polymerized from 0 to 48 

hours at 190 ºC, where intensity of -OH group drops over time and C=O (ester) peak intensity 

increases.  

 

Fig. S5. Full representative ATR-FTIR spectra of suberinic acids polymerized from 0 to 48 hours at 190 ºC.  
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Figure S6 shows the quantitative analysis of the conversion rates of the main species in suberinic 

acids involved in the polycondensation reaction. 

 

Fig. S6. The conversion rate of the main species in suberinic acids during the first hour of polymerization. a) 

Conversion rates of primary -OH and secondary -OH in betulin. b) Conversion rate of the secondary -OH from 

condensed guaiacyl. c) Conversion rates of -COOH from fatty acids and betulinic acid. d) Conversion rate of the -

OH from hydroxyacids. 
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Figure S7 a) shows the change of normalized absorbance at 1727 cm-1 in the IR spectra of suberinic 

acids polymerized from 0 to 48 hours at 190 ºC. Figure S5 b) shows the correlation between the 

newly formed ester concentration (recalculated from 31P NMR based on the decrease in carboxylic 

acids concentration) and normalized absorbance at 1727 cm-1 in IR spectra, as well as the fitting of 

the correlation. 

 

Fig. S7. a) Increase in the normalized absorbance at 1727 cm-1 in IR spectra from 0 to 48 hours. b) Fitting of the 
ester concentration (measured with 31P NMR) and increases in the normalized absorbance at 1727 cm-1 in IR 
spectra. 

 

Equation S1 shows the calculation of the average functionality of suberinic acids from the degree of 

reaction at gel point. 

 

Equation S1 
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Figure S8 shows the stress-strain curves of suberinic acids thermosets polymerized at 190 ºC for different time 

lengths (3h, 6h, 9h, 12h, 24h, 48h).  

 

Fig. S8. Stress-strain curves of suberinic acids thermosets polymerized at 190 ºC for different time lengths. a) 3 
hours, b) 6 hours, c) 9 hours, d) 12 hours, e) 24 hours, and f) 48 hours. 
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Figure S9 shows the decrease in water contact angles of suberinic acids thermosets with increasing 

polymerization time. 
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Fig. S9. Water contact angles of suberinic acids thermosets polymerized at 190 ºC for different time lengths, 3 – 
48 hours. 
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Figure S10 shows the weight-based swelling ratio of suberinic acids thermosets in ethanol, THF, 

water, toluene, and acetone. 
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Fig. S10. Swelling ratio (by weight %) of suberinic acids thermosets in ethanol, THF, water, toluene, and 

acetone. 
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Figure S11 shows the result of the cross-cut test for examining the paint coatings’ resistance to 

separate from substrates, where no visible coating delamination is found after the test. 

 

Fig. S11. Digital photograph of cross-cut tested SAs thermoset coated aluminum panel. 
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Figure S12 shows the stress-strain curves of suberinic acids before recycling (which were 

polymerized for 4 hours and 5 hours), and after 1st and 2nd times of recycling (3 hours curing and 5 

hours curing were tested). 

 

Fig. S12. Stress-strain curves of suberinic acids thermosets before recycle, after 1st recycle and 2nd recycle. Non-
recycled samples were cured for 4 or 5 hours, recycled samples were cured for 3 or 5 hours, curing temperature 

190 ºC. 
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Figure S13 shows the stress-strain curves of suberinic acids after 3rd, 4th, and 5th times of recycling (3 

hours curing and 5 hours curing were tested). 

 

 

Fig. S13. Stress-strain curves of suberinic acids thermosets after 3rd, 4th, and 5th recycle. Recycled samples were 
cured for 3 or 5 hours, curing temperature 190 ºC. 
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Figure S14 shows stress-strain curves of suberinic acids/carbon fiber reinforced polymer (single ply). CFRP is 

prepared with 20 grams of suberinic acids and 2.5 grams of single-ply carbon fiber fabric.  
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Figure S14. Stress-strain curves of suberinic acids/carbon fiber reinforced polymer. 
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Figure S15 shows the IR spectra of carbon fiber before and after the recycling process.
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Figure S15. ATR FTIR spectra of the carbon fiber before and after the recycling process.   
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Figure S16 shows the weight change of suberinic acids/carbon fiber reinforced polymer after 24 hours of 

immersion in 0.1 M HCl solution, 3 w/v% acetic acid, sunflower oil, and 10% Ethanol. The minimal change in the 
weight demonstrates great stability of suberinic acids/CFRP.  
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Figure S16. Weight change of suberinic acids/carbon fiber reinforced polymer after 24 hours of immersion in 0.1 
M HCl solution, 3 w/v% acetic acid, sunflower oil, and 10% Ethanol. 
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Table S2 shows the mechanical properties of various polymers used for comparison with the suberinic 
acids thermosets, where the corresponding figure is shown in Fig. 2. f). 

 

Table S2. Data points used in the property comparison of suberinic acids thermosets with other biobased or 

synthetic thermosets in Fig 2. f) 

 Tensile strength (MPa) Elongation at break 

Biobased polyester 

thermoset[2] 

3.2  200% 

31 64% 

Suberin-related polyester[3] 1.9 6.7% 

Biobased epoxy resin[4] 7.5 28% 

22 18% 

Suberin related polyester[5] 1.77 52.2% 

Biobased thermoset 

polyester[6] 

62.1 2.4% 

63.3 2.4% 

57 1.6% 

Lignin epoxies thermosets[7] 5 44% 

Lignin based thermoset[8] 15 10% 

7 90% 

1.3 120% 

Lignin+maleic anhydride[9] 40 2.8% 

Reprocesssable 

thermoset[10] 

15 8% 

Recyclable/reprocessable 

thermoset[11] 

22.3 402% 

Recyclable/reprocessable 

thermoset[11] 

Degradable thermoset[12] 

32.1 120% 

14.5 80% 

This work 1.36 373 

9.6 180 

19.4 283 

11.6 96.5 

26 98 

33 22.5 
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Table S3 shows the corrosion current density and inhibition efficiency of various coating systems as a 
comparison for the coating demonstrated in the current study. 

 

Table S3. Comparison on the corrosion current density and inhibition efficiency (%) for this study and other 
biobased or synthetic anticorrosion coating for aluminum. 

 Corrosion current 

density 

substrate 

(A.cm2) 

Corrosion 

current density 

Coated 

substrate 

(A.cm2) 

Conditions Inhibition 

Efficiency 

(IE%) 

Polydopamine 

based[13] 

1.49 × 10-5 1.8× 10-8 Al in 

3.5 % NaCl 

solution 

99.9% 

Tannic acid 

based[14] 

2.6 × 10-6 2.2 × 10-7 AA2024 alloy  

in 50 mM NaCl 

solution 

91.5% 

Lignin based[15] 4.6 × 10–8 5.05 × 10–10 Al in 

5 % NaCl 

solution 

98.9% 

Lignin 

nanoparticle 

based[16] 

1.35 × 10-4 2.54 × 10-7 Al in 

5 % NaCl 

solution 

99.8% 

Propargylated 

lignin  

+ epoxy[17] 

9.08 × 10-3 2.13 × 10-5 Cu in 

3.5 % NaCl 

solution 

99.8% 

Mxene + 

PDMS[18] 

3.5 × 10-5 1.49 × 10-9 Al in 

3.5 % NaCl 

solution 

100% 

Long chain 

fatty acids[19] 

8.18 × 10-4 1.48 × 10-6 Al in 

3.5 % NaCl 

solution 

99.8% 

Stearic acid 

based[20] 

7.26 × 10-4 5.01 × 10-5 Al in 

3.5 % NaCl 

solution 

93.1% 

Chitosan 

based[21] 

8.56 × 10-6 8.58 × 10-8 Cu-Ni (90-10) 

alloy in 

3.5 % NaCl 

solution 

99% 

Zn-eggshell 

particle  

+ starch[22] 

2.105 × 10-2 4.392 × 10-4 Steel in 

3.5 % NaCl 

solution 

97.9% 

This study 7.5 × 10-8 8.3 × 10-13  Al in 

5 % NaCl 

solution 

100% 
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Table S4 shows the mean -COOH and -OH amount of initial suberinic acids, the hydrolysis product of 48 hours 

cured SAs thermoset, and the 5th time recycled SAs, which is quantified in mmol g-1 by 31P NMR spectroscopy. 

 

Table S4.  Mean -COOH and -OH amount in mmol g-1 quantified by 31P NMR spectroscopy. 

 Mean -COOH amount 
(mmol g-1) 

Mean -OH amount 
(mmol g-1) 

Initial suberinic acids 2.05 4.24 

Hydrolysis product of 48 
hours cured SAs thermoset 

2.39 3.9 

5th time recycled 
suberinic acids 

2.36 5.28 
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