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Supplementary Material 

S1. Images of cellulose before and after modification route 

Figure S1 displays: a) unmodified CNC, b) u_C sol and c) CNC after modification (m_C) after 

drying. u_C sol appeared as a light-yellow homogenous solution (Figure S1b). The 

functionalized CNC products looked like whitish powders insoluble in the common organic 

solvents and swollen in pure DMAc (Figure S1c). 

 

Figure S1. u_C (a), u_C sol (b) and CNC after modification (m_C) after drying (c). 



S2. Characterization of grafted bio-based polyols 

Molar mass and polydispersity of the selected bio-based polyols were determined through Gel 

Permeation Chromatography (Waters GPCV2000), using THF solution (with 0.05 % of BHT 

as the antioxidant) as the mobile phase, at 35 °C with a flow rate of 0.6 mL/min. Polyol 

concentration was set at 2 mg/mL and the injection volume at 150 μL. Calibration curves using 

polystyrene standards were found in the range of 162−8∙105 g/mol. 

FTIR spectra of the selected bio-based polyols are displayed in Figure S2. 

 
Figure S2. FTIR spectra of the selected bio-based polyols. 

S3. Composition of the investigated composite bio-based PU foams. 

The composition of the investigated bio-based PU foams is reported in Table S1. 
 
Table S1. Composition of the selected bio-based PU foams on 100 g of total foam mass. 

Reagent PU_Pristine 
PU_ 

m_Ci_1 

PU_ 

m_Ci_2  

PU_ 

m_Ci_3 

Composition (wt. %) 

RV33 19.4 19.3 19.1 18.7 

Cardiolite NX-9201 23.3 23.2 23.0 22.5 

Sovermol® 750 7.8 7.7 7.5 7.0 

Sovermol® 815 7.8 7.7 7.5 7.0 

Glycerol 0.9 0.9 0.9 0.9 

Bi-distilled water 0.8 0.8 0.8 0.8 

Exolit® OP 560 3.9 3.9 3.9 3.9 



Dabco® 33-LV 0.4 0.4 0.4 0.4 

Dabco® NE 300 0.4 0.4 0.4 0.4 

TEGOSTAB® B 8747 LF2 0.8 0.8 0.8 0.8 

Filler - 1 2 3 

Lupranate M20S 34.7 34.1 33.6 33.1 

 

S4. Thermal characterization (TGA) of unmodified (u_C) and modified CNC (m_Ci) 

Table S2. T5% and T50% of degradation values and weight % (W %) at 150°C, 400°C, and 750°C of 

the modified and unmodified celluloses. 

Entry T5% T50% W% 150°C W% 400°C W% 750°C 

u_C 275 302 99.8 17.7 - 

m_C1 340 437 100.2 78.7 8.0 

m_C2 234 418 99.8 57.2 13.3 

m_C3 263 417 100.1 56.3 12.3 

 

S5. Effect of m_Ci content (1, 2 and 3 wt. %) on PU foams thermal stability 

In Table S3 Tmax1, Tmax2, and Tmax3 i.e. the maxima of the derivative function in the range of 

150-300°C, 300-450°C and 450-500°C and weight loss at 800°C, are reported for PU foams 

filled with 1 % wt, 2 wt % and 3 wt % of m_Ci for PU_m_C3_y, being this mostly affected by 

filler loading in terms of functional/mechanical properties. 

Table S3. Thermal properties of the selected PU foams (PU_m_C3_y) by varying cellulose 

concentration (from 1 wt. % to 3 wt. %). 

Sample Tmax1 (°C) Tmax2 (°C) Tmax3 (°C) Weight loss (%) at 800°C 

PU_m_C3_1 309.8 357.9 465.7 6.5 

PU_m_C3_2 309.7 353.5 461.7 7.0 

PU_m_C3_3 308.0 355.3 461.4 5.1 

S6. Mechanical and structural properties of the foams 

Table S4. Mechanical and structural properties of foams with 2 and 3 wt. % of m_Ci content. 

Sample ρ, σ 10%ǁ, Emod ǁ, σ/ρ, E/ρ, 



kg/m3 kPa MPa (kPa/(kg/m3)) (kPa/(kg/m3) 

PU_u_C_2 101.9 ± 0.6 78.7 ± 3.3 1.21 ± 0.48 0.77 11.87 

PU_u_C_3 113.8 ± 0.8 109.3 ± 2.7 1.80 ± 0.67 0.96 15.80 

PU_m_C1_2 120.9 ± 2.2 60.1 ± 3.1 1.01 ± 0.09 0.50 8.36 

PU_m_C1_3 122.1 ± 0.8 66.9 ± 1.9 1.11 ± 0.17 0.55 9.01 

PU_m_C2_2 118.6 ± 1.3 59.5 ± 2.7 1.05 ± 0.17 0.50 8.85 

PU_m_C2_3 123.5 ± 1.8 69.8 ± 0.9 1.38 ± 0.07 0.57 11.18 

PU_m_C3_2 168.8 ± 1.6 268.2 ± 6.6 4.57 ± 1.15 1.59 27.07 

PU_m_C3_3 143.6 ± 1.3 190.4 ± 2.9 3.78 ± 0.25 1.33 26.33 

 

 

 

Figure S3. a) and b) Stress-strain curves of PU_m_Ci_2. In a) cellulose was modified with polyols with OH 

number lower than 180 mg KOH/g and in b) with OH number higher than 180 mg KOH/g. As reference, PU 

pristine (black) is reported in each set of curves. In c), the graphic representation of the modified Gibson-Ashby 

model for foam samples with 2 wt % of m_Ci. 



 

Figure S4. a) and b) Stress-strain curves of PU_m_Ci_3. In a) cellulose was modified with polyols with OH 

number lower than 180 mg KOH/g and in b) with OH number higher than 180 mg KOH/g. As reference, PU 

pristine (black) is reported in each set of curves. In c), the graphic representation of the modified Gibson-Ashby 

model for foam samples with 3% of m_Ci. 

Table S5. Outcomes of the modified Gibson-Ashby model of the studied foams at 2-3 wt. % filler. 

Sample ρ/ρS E/ES n C C' φ 
PU_u_C_2 0.085 0.027 1.466 3.729 0.317 0.268 

PU_u_C_3 0.095 0.040 1.367 4.443 0.421 0.225 

PU_m_C1_2 0.101 0.022 1.654 2.213 0.223 0.452 

PU_m_C1_3 0.102 0.024 1.624 2.363 0.240 0.423 

PU_m_C2_2 0.099 0.023 1.624 2.388 0.236 0.419 

PU_m_C2_3 0.103 0.031 1.532 2.896 0.298 0.345 

PU_m_C3_2 0.141 0.102 1.166 5.132 0.722 0.195 

PU_m_C3_3 0.120 0.084 1.167 5.868 0.702 0.170 

 


