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Figure S1. UF Resins’ properties before (UF reference) and after (NCS) nanocellulose addition in different
concentrations.


mailto:epsochia@gmail.com
mailto:Manos.Karag@ari.gr
mailto:eathan@ari.gr
mailto:k.triantafyllidis@kfupm.edu.sa
mailto:epsochia@gmail.com
mailto:k.triantafyllidis@kfupm.edu.sa

UF reference

UF_NCS

Figure 52. SEM images of the cross sections of particle boards prepared by the use of UF reference resin
and of nanocellulose reinforced UF_NCS resin.

No significant morphological differences can be observed between the two samples. Furthermore,
as expected, no distinct nanocellulose fibers or particles can be distinguished, due to very low nanocellulose
loading levels in the adhesive resin (< 0.24 wt % on a dry-resin basis), considering also that the UF resin
(or the nanocomposite UF resin) itself constitutes ~10 wt% of the final board, resulting in effective

nanocellulose content in the particle board of < 0.03 wt%.
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Figure S3. DSC curves of particle boards with UF reference resin and UF_NCS nanocellulose containing

resin, during (a) 1t heating at 10 °C/min, (b) cooling at 10 °C/min and (c) 24 heating at 10 °C/min.

In the 1t heating ramp no significant differences between the particle boards with UF reference
resin and UF_NCS nanocomposite resin can be observed (Figure 2a). An endothermic peak at ~70 °C is
observed for both particle boards, owing probably to further curing of the bulk UF resin. A smaller
endothermic peak for both samples was also observed at around 230-250 °C. This could be associated with
thermal degradation of unreacted UF components, decomposition of the cured UF network as well as
decomposition of the carbohydrates of the lignocellulosic wood chips included in the particle board.
During the cooling ramp no crystallization phenomenon for both samples was observed (Figure 2b).

Finally, from the second heating ramp, a slightly difference in the glass transition temperature (T;) could



be observed. The board containing the UF reference resin exhibited a Ty of around 71.5 °C, while after
nanocomposite resin containing board showed a Ty shift to slightly higher temperature, ca. to 76.5 °C. This
indicates that the presence of nanocellulose hinders the polymer chain mobility due to the hydrogen
bonding formation between its surface hydroxyl groups and the resins’ hydroxyl or amine groups, as
discussed in the main text and supported by 3*C-NMR analysis. The effect of nanocellulose on increasing

the Tg of the UF resins has also been shown in other studies in literature [1], [2].
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