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Cellulose is the most abundant natural polymer on earth. It is insoluble in water because of its inter- 
and intra-molecular hydrogen bonds and it occurs in plant cell walls in the form of crystalline nanofibers, 
the so-called cellulose microfibrils. Since this stable structure prevents it from dissolving even in common 
organic solvents, the fabrication of cellulose-based films and textiles often requires the use of special 
solvents. For example, toxic carbon disulfide has been used to prepare regenerated cellulose films, also 
known as Cellophane. However, the dissolution and regeneration processes deteriorate the Young’s 
modulus of cellulosic products because of crystal conversion from Cellulose I to Cellulose II. 

This study proposes a novel process for fabricating high-modulus films based on cellulose nanofibers. 
Instead of dissolution process, dried pulps were mechanically disintegrated into nanofibers in NaOH 
solutions. NaOH treatments loosened the hydrogen bonding between cellulose microfibrils in dried pulps. 
Furthermore, the preparation of a highly concentrated suspension (8%) of cellulose nanofibers using a 
ball-mill was attempted. In our previous study, a suspension containing a maximum of only 2% cellulose 
nanofibers was achieved by bead-milling because of high viscosity restrictions [1]. Therefore, in this study, 
a planetary ball-mill was used, which is a more powerful and effective piece of equipment for high viscous 
suspensions. 

 After ball-milling for 90 min a highly concentrated suspension (8%) of cellulose nanofibers with a 
uniform diameter of approximately 20–50 nm was prepared. The nanofiber suspensions prepared in the 
NaOH solution had both the crystal forms of Cellulose I and Cellulose II although Cellulose II gradually 
increased with increasing milling time. The suspensions were formed into hydrogels after neutralization 
and the formation of hydrogels is effective for the fabrication of cellulose nanofiber-based films. The 
hydrogel sheets were hot-pressed into thin films at 120 °C (Fig. 1). Young’s modulus of the films was 
significantly higher compared to that of typical regenerated cellulose films due to some remaining 
Cellulose I (Table 1). Changes in the milling conditions and the apparatus used for nano-fibrillation need to 
be further optimized in order to maintain more cellulose I in the nanofibers leading to higher-modulus 
products. We believe that our method will facilitate the mass production of cellulose nanofibers as it also 
facilitates subsequent drying of hydrogels to fabricate films. 
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Identification of wood heritages has provided beneficial information on the origin, historical 
background, wood selection and also new perspectives. In specific, historical cultural exchanges would be 
one of the possible factors that influence the wood selection in Japan. Recently, microscopic wood 
identifications were performed on the decorative and structural elements of several Japanese traditional tea 
ceremony rooms “Chashitsu” in Kyoto, Japan [1]. Although Japanese tea ceremony rooms are well-known 
as representative expression of “Wabi-Sabi” the Japanese senses of beauty, scientific wood identification 
has not seen as important in the past. 

For wood identification, minimum amount of samples that are necessary for making preparation were 
collected carefully from deteriorated parts or cracks so as not to alter the appearance and strength. 
Hand-sectioned samples were observed under an optical microscope and the samples were identified on the 
basis of microscopic anatomical features. However, in many cases, it is not easy to collect enough size of 
samples from old valuable wooden artifacts. In many cases, only one tiny sample can be provided. In order 
to preserve such a precious tiny sample, synchrotron X-ray microtomography (SRX-ray μCT) that is 
non-destructive and non-invasive method has been widely applied. Our investigation recently revealed this 
method is effective for identification and observing anatomical structure [2] [3]. From Japanese traditional 
tea ceremony room, it was difficult to get enough size of samples; SRX-ray μCT was also applied to 
identify the wood species. 

As a result, the unique wood usage peculiar to tea ceremony rooms was revealed. For instance, 
combination usage of Pinus densiflora and Zoboku (wood with bark) or Cryptomeria japonica and Zoboku 
for Tokonoma was confirmed. Furthermore, some results concerning about the wood selection envisaged a 
very unique cultural interaction between the architectural styles of Korean peninsulas and Japan. Now, 
other investigation of tea ceremony rooms in regard to wood species has been started in Kansai area. In 
order to deeper the “Wabi-Sabi concept” in wood selection and reveal the linkage among Asian counties, 
wood identification would be more and more important. 
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