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One of the main theme in our laboratory is the substitution of the fossil resource-based materials by 
the natural resource-based ones. In this article, the recent studies on the theme were introduced from the 
viewpoint of the promotion of usage of the fiber material derived from plant, and of the development of the 
adhesives (or the binder) derived from natural resources. 

Promotion of usage of fiber material derived from plant 

Though wood is the representative plant-derived material, its usage has been insufficient in terms of 
the reduction of fossil resource-consumption. It is required for the wider usage of wood to enhance the 
performance and reliability of wood and wood-based materials. Chemical treatment, or introduction of 
chemicals into wood, is one of the major methods for the enhancement. In the conventional treatment, 
however, distribution of chemicals in wood was irregular, leading to the inadequate performance and 
reliability. This irregularity can be categorized to macroscopic irregularity, indicating that the chemically 
treated wood includes the untreated cells in its structure; and microscopic irregularity, indicating that each 
cell includes the untreated regions in its amorphous structure. The macroscopic irregularity is mainly 
caused by the aspirated pits that disturb the flow of chemical solution in tracheid for coniferous wood. Then, 
we assumed that the water hammer phenomenon can be applied to reduce the macroscopic irregularity by 
penetrating the pits, which is now under examination. Meanwhile, for reducing the microscopic irregularity, 
focus was placed on the diffusion of chemicals into cell walls during conditioning, or process of 
evaporating solvent from wood impregnated with chemical solution. The microscopic irregularity was 
clarified to be controlled by the relative humidity and temperature during the conditioning [1]. 

Bast fiber of kozo (Broussonetia kazinoki × B. papyrifera) has been used as a raw material for 
Japanese paper, called washi. The supplement of the fiber, however, has been decreasing with the decrease 
in the production of washi. To increase the fiber supplement, focus was placed on the development of a 
new bast fiber-based material that can be used in huge industries (e.g. automotive industry). It was required 
for such a material to have high rigidity and strength. In our study, the process of producing the fiber board 
was applied to produce the fiber material derived from kozo-bast fiber. It was indicated that the long fiber 
unique to kozo made it difficult to control the strength and Young’s modulus, which may be related to the 
difficulty in controlling the arrangement of the long fiber in the materials. 

Development of adhesives derived from natural resources 

In our previous research, the feasibility of applying natural raw materials to the adhesive for wood-based 
materials has been studied. The mixture of sucrose and some other natural materials (citric acid, ammonium 
dihydrogen phosphate (ADP), or wattle tannin) was confirmed to act as the adhesive, in which the attribution 
of the caramelization of sucrose was indicated. In our recent study, to improve the low pH and mechanical 
properties of the particle board bonded with sucrose-ADP mixture, the calcium carbonate was added to the 
mixture. The feasibility of using the mixture of sucrose and ammonium nitrate (AN) as a new natural 
adhesive was also investigated. Bagasse of sweet sorghum (Sorghum bicolor L. Monech), known as an 
agricultural waste, has been also regarded as a fiber materials, and thus the utilization of the bagasse and citric 
acid for manufacturing of particleboard was also studied in recent years [2]. 
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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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