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Figure S1. Spatial and chemical structure of the major polymeric constituents of 

wood: cellulose (yellow), hemicellulose (blue) and lignin (red). Represented chemical 
structure of lignin as well as content range are typical of a softwood. Image modified from 
references [15] and [16]. 
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Table S1. Comparison of literature about characterization and biodegradation in compost/soil of PHA/lignocellulose composites. 

Ref. Matrix Filler Thickness Material characterization 
Biodegradability Microbiological 

studies Disintegration Mineralization Environment 

[20] PHBV 30-40% bamboo 2 mm (injected) 
DMA, HDT, TGA, DSC, 

FTIR, SEM, MP* 
-- -- -- -- 

[21] PHBV 20% abaca fiber 2 mm (injected) SEM, MP*, FTIR **  

[22] PHA 10 to 40% wood flour 1 mm 
FTIR, XRD, DMA, 

DSC, MP*, SEM 
-- -- -- 

Antibacterial 

assay 

[23] PHB 
10-20 phr rice husk, 

seagrass, almond shell 
350 µm 

SEM, TGA, DSC, 

MP*, TF, barrier prop. 
100% in 35 days -- Compost 58°C -- 

[24] PHB 10-30-50% wood flour 
Pellets & 

granules 

FTIR, DSC, XRD, 

MP*, SEM 
33-23% in 35 days -- Soil -- 

[25] PHA 20-40% palm fiber 500 µm FTIR, SEM, MP*. 60-90% in 60 days -- Soil Cell viability 

[26] PHBV 10-20-30% wheat straw fibers 1 mm TGA, DSC, SEM, MP* 
44-47% in 67 days 

// 20-23% in 6 months 

55-65% in 48 days 

(in activated sludge) 

Compost 50°C // 

Soil 
-- 

[27] PHBV 20-50% wood flour 1.6 mm SEM; MP* 6.7-12.7% in 12 months 35-36% in 12 months Soil -- 

[28] PHBV Flax fibers 1 mm SEM, TGA, FTIR -- 86% in 100 days Compost 58°C -- 

[29] PHBV 20% seagrass 1.35 mm SEM 9-23% in 12 months -- 
Marine 

(sediment) 
DNA sequencing 

[30] PHA -- Microplastics SEM, EDS, FTIR -- -- Compost 50°C  DNA sequencing 

This 

study 
PHBV 15% woodflour 400 µm SEM, rheology, TGA 100% in 45 days 97% in 60 days Compost 58°C Microbial count 

*MP = Mechanical properties / **This reference states the composites studied are biodegradable. However, biodegradability was not checked. 
 
 
 



Polymers 2023, 15, 2481 4 of 7 
 

 

Text S1. Calculation of the Polymer Molecular Weight via Intrinsic Viscosity 
Determined by Diluted Solutions Method 

The molecular weight (Mw) of the PHBV composites at different composting 
times was calculated from intrinsic viscosity using the Mark-Houwink-Sakurada 
equation (Eq. S1): 𝑴𝒘 =  𝑲 · [𝜼]𝜶 (S1)

where [η] is the intrinsic viscosity and K and α are the constants for the specific 
polymer/solvent/temperature pair, being K = 1.25 x10-4 dL/g and α = 0.80 the values for 
PHBV/TFE [40]. Intrinsic viscosity, defined as the ratio of specific (ηsp) or relative viscosity 
(ηr) to concentration in the limit of infinite dilution (Eq. S2), was determined following 
a diluted solution procedure [41]. [𝜼] = 𝐥𝐢𝐦𝒄→𝟎 𝜼𝒔𝒑𝒄  = 𝐥𝐢𝐦𝒄→𝟎 𝜼𝒓 − 𝟏𝒄  (S2)

PHBV and composites were dissolved in TFE at room temperature to prepare 
solutions of 5, 2.5, 1.25, and 0.625 g/L by serial dilution and filtered through a 0.2 µm 
membrane. Viscosity measurements were performed in a Cannon-Fenske viscometer at a 
controlled temperature of 30°C in a water bath. Flow times of the solution (t) and the pure 
solvent (t0) were registered to determine the relative viscosity as the ratio between them 
(Eq. S3): 𝜼𝒓 =  𝜼/𝜼𝟎  = 𝒕/𝒕𝟎 (S3)

 Subsequently, [η] was calculated according to the Kraemer equation (Eq. S4), as the 
intercept in the linear least-squares fit of the inherent viscosity, ηinh = (ln ηr)/c, plotted 
against the concentration of the solutions (c) [42]: 𝐥𝐧 𝜼𝒓𝒄 = [𝜼] − 𝒌𝑲[𝜼]𝟐𝒄 (S4)

where kK is the dimensionless Kraemer constant.  
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Text S2. Characterization of Fibers: WAXS, TGA and FTIR 
Regarding crystalline structure, both fibers show a typical cellulose I XRD pattern 

(Fig. S2a). Three peaks can be observed at 2θ of approximately 16°, 22° and 34° which 
correspond to planes (110) and (110) merged in one peak, (200) and (004) respectively 
[45,46]. The presence of amorphous hemicellulose and lignin in WF broadens the (110) 
peak and reduces the intensity of (004), thus indicating an overall lower crystallinity. 

The thermal decomposition of woodflour components overlaps between 200° and 
500°C (Fig. S2b): hemicellulose decomposes first between 200°-340°C, cellulose 
degradation occurs from 300°to 400°C while lignin degrades slowly over the whole range 
resulting in a diffuse or not present peak [47]. The onset (T5%) of WF decomposition is 
15°C lower than that of TC90 (see Table 1) which may be attributed to the higher 
hemicellulose content and moisture adsorbed by woodflour. However, when compared 
to TC90 cellulose, Tmax.f of WF (taken as that of the cellulose component) shifted from 
351°C to 359°C. Wang et al. [48] reported that lignin enhances the thermal stability of 
cellulose due to the presence of stable aromatic units with a very low reactivity in an 
oxygen-deficient atmosphere [48,49]. 

FTIR spectra (see Fig. S2c) show that main bands of TC90 cellulose are also detected 
in WF spectrum since woodflour composition is a mixture of lignin, hemicellulose, and 
cellulose. The band at 896 cm-1, is considered an IR crystallinity index [50,51], being its 
relative intensity a reference to the crystallinity of the cellulose. As expected, this band is 
more intense in TC90 than in WF spectrum. The spectrum of WF shows four extra peaks: 
1730 cm-1 corresponds to C=O stretching band of acetyl groups in hemicellulose and 
carbonyl aldehyde in lignin [16], 1600 and 1508 cm-1 are ascribed to C=C stretching 
vibration of aromatic rings of lignin [16,52,53], and 1263 cm-1 is assigned to C-O stretch of 
guaiacyl ring structure of lignin [52,53]. 

 
Figure S2. a) WAXS patterns of TC90 and WF. b) dTG curves of fibers. c) FTIR spectra of cellulose 
and woodflour. Diagnostic peaks of cellulose are marked by solid lines while diagnostic peaks of 
lignin are marked by dotted lines with wavenumbers above in a box. 
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Figure S3. TG (up) and dTG (down) curves of PHBV-fiber composites. 
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