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oReport summary (English)

Principal investigator: Kyoto University, Professor Masahiro Ohshima
R & D title: Preparation of Cellulose Nanofiber Composite Plastic Foam with Ultralight
and High Insulation performances

1. Purpose of R & D

Cellulose nanofibers (CNF) were used for creating the lightweight and highly heat-insulating
plastic materials by taking advantage of the lightness and flexibility of both plastics and CNF
themselves. Specifically, from a plastic material in which CNFs were finely dispersed, the micro/nano-
cellular foams, whose expansion ratio was 10 times higher or more and the cell diameter was in the
range from several um to several tens of nm, were prepared by employing an environmental benign
physical foam injection molding technique with usage of nitrogen (N>) as a blowing agent. By utilizing
the plastic material for the automobile or electrical appliance parts, the heat insulation ability of the
parts could be improved and the fuel consumption (battery consumption) could be reduced as well.
For electrical appliances, such as vacuum cleaners, ease of handling could be improved and the
consumption of electricity could be further reduced. With these achievements, this technology and
materials investigated here would contribute to the realization of the low carbon society by energy-
saving.

2. Outline of R & D
(1) Contents:

CNF is blended to the plastics and used as a multifunctional additive. The CNF/polymer
composites are then foamed in a way that hundreds of billions of pores with nanometer in size are
formed in the composite material and the weight per unit volume of the material is reduced to a tenth
or less of its original weight, thereby foams having high thermal resistant property are created.

(2) Achievements:

CNF forms a network structure in the polymer matrix when CNF is compounded with
thermoplastics after chemically modification of the CNF. Because of the presence of the network
structure, the plastics have such properties that when they are slowly deformed, their viscosity
becomes high and the resistance to deformation is high, but when they are quickly deformed, the
viscosity becomes low and the resistance is low. It has been found that this rheological property serves
as an advantage for producing fine cellular foams. Even if chemically modified, CNF is still a foreign
substance to the hydrophobic plastics, and thus it plays a role of a crystal nucleating agent for
crystalline polymers and a role of a bubble nucleating agent when foaming the plastics. Taking
advantage of these features of CNF, the following high-expansion microcellular foams were produced
in this study. 1) CNF was alkenyl succinic anhydride (ASA) modified and added to polypropylene.
The PP/CNF composites were then foamed at high expansion ratio higher than 21 times. A fibrous
void structure was created in higher expansion foams. The resulting foams showed excellent heat
resistance and heat insulation abilities. 2) CNF’s surface was acetylated-modified and added to
polylactic acid (PLA). Using the same foaming injection molding method with Na, the microcellular
foams with 5 times expansion ratios were produced. 3) Utilizing the knowledge obtained in this study,
co- researcher’s company, Seiko PMC, has developed and commercialized a midsole of an athletic
shoe from the CNF/polyolefin composite.

(3) Future developments:

The aim of the research will not be changed: nanocomposites are prepared by compounding the
Cellulose nanofibers (CNF) with the plastics. From the composites, the lightweight and highly heat-
insulating plastic foams are created for contributing to the realization of the low carbon society.
Furthermore, to solve the current environmental problems of marine plastics and industrial wastes, the
plastics we focus on will be directed to biodegradable polymers, such as PBS and PHBH, where CNF
will provide the same benefits for foamability and reinforcement ability of mechanical strength and
the foam structure will contribute to enhancement of degradability of the used plastics.
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