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The Effect of Adding Cellulose Nanofiber to Polymers

Kyoto University, Graduate school of engineering, Department of chemical engineering

To control the solidification process during industrial polymer melt processing, it is crucial to understand the effect of
adding additive agents, such as a filler, a plasticizer, a nucleating agent, and so on, to a polymer on its crystallization behavior
under the rapid cooling condition. The crystallization behavior of polypropylene (PP) / hydrophobic-modified cellulose
nanofiber (CNF) composite was investigated using fast scanning calorimetry (FSC). FSC was very useful to reveal the crystal
nucleating effect of hydrophobic modified CNFs because it allowed us to investigate the change of crystallization temperature
range in the wide range of cooling rate, and the crystallization kinetics in the wide temperature range.
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Fig.1 Chemical structures of (left) cellulose and (right)
esterified cellulose (DS = 1).
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Fig.2 TEM micrographs for PP/CNF nanocomposites foam. (a)
The hybrid shish-kebab structure around CNF and (b) the classic
shish-kebab structure. These images are reprinted with permission
from reference 9. Copyright © 2017 American Chemical Society.
(Color online).
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Fig.3 FSC temperature program for non-isothermal

crystallization analysis of PP/CNF samples.
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Fig.4 FSC cooling curves for (a) PP and (b) PP/ASA-CNF 5
wt% with various cooling rate. (Color online).
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Fig.5 Dependence of crystallization peak temperature on
cooling rate for PP and PP/ASA-CNF composites. Only neat PP
indicated double crystallization peaks under higher cooling rates
than 100 K/s. Each crystallization peak temperature was plotted
with the different markers. (Color online).
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Fig.6 FSC temperature program for isothermal crystallization
analysis of PP/CNF samples.
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Fig.7 Dependence of half crystallization time on temperature
for PP and PP/ASA-CNF composites. (Color online).
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Fig.8 Crystallization peak temperature of PP and PP/CNF
composites for different values of DS as a function of cooling rate.
This image is reprinted with permission from reference 12.
Copyright © 2018 Elsevier Ltd. (Color online).
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Fig.9 Half crystallization time of primary crystallization of PP
and PP/CNF composites with different DS content as a function
of temperature. This image is reprinted with permission from
reference 12. Copyright © 2018 Elsevier Ltd. (Color online).
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