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FOCUS AREA 3: Understanding the Control of Water-Lignocellulosic Interaction for Modification of Properties

Virtually all aspects of forest based products and the processes by which they are made, are impacted by the relationship between water and the lignocellulosic components of said products.

1. The response of cellulose, hemicelluloses and lignin to moisture (both liquid and vapor) is due almost entirely to the super molecular structure of the biopolymers and the nanoscale structures of the lignocellulosic composites that comprise the wood fiber. Factors such as extractives content and location also play a role. However, most of the response to moisture depends on characteristics of the nano scale structures in the fiber walls. Primary micro fibrils, which can range in size from about 4 nm – 20nm are composed of cellulose polymer chains arranged in ordered (crystalline) and less ordered (amorphous) regions.  The nature of these structures greatly influence the way in which the woody plant fiber responds to moisture. Gaining an understanding of these interactions and learning how to manipulate the structures at this scale will enable us not only to decrease the negative impact of moisture on woody materials, but perhaps allow us to turn what is currently perceived as a disadvantage into and advantage. 

2. In addition to the size of the micro fibrils, the angle of orientation of the fibrillar bundles relative to the long axis of the fiber plays a major role in the dimensional stability of the fiber in response to moisture. The degree of crystallinity (i.e. the ratio of the ordered regions to the amorphous regions in the micro fibrils) will also impact the response to moisture. Because of inter- and intra-chain hydrogen bonding crystalline regions are less accessible to moisture. These characteristics, which vary with species, can be genetically manipulated within a given species. Changing the conditions under which the trees are grown and even changing the drying conditions, as moisture is removed from the fiber during processing, can impact features such as the degree of crystallinity.  By studying and understanding the nature of bonding within paper and wood structures it may be possible to modify how either composite material responds to moisture. The ability to modify and control mechanosorptive behavior may lead to improvements in existing products and many potential new products based on the forest resource, in addition to greatly improving the efficiencies of the processes by which current products are made. 

3. Durability of wood and paper products is closely tied to their response to moisture as well. An understanding of the interactions between moisture and woody materials at the nanoscale will permit new and innovation technologies which will decrease or even eliminate degradation. 

4. Control /modification of surfaces of composites based on lignocellulose using nanocoatings or impregnation of nano particles could be used to provide physical/chemical barriers to prevent or control the transfer of moisture. In addition, modification of the topography and /or surface chemistry could be used to control attractive and repulsive forces between cellulosics and other materials thus enhancing or decreasing wetting and adhesion. For example, this could be used to increase the specific bond strength of an interfiber bond thus permitting a lighter paper sheet with strength and optical properties, equivalent to a heavier weight sheet.  

5. Very large amounts of water must be handled in the making and drying of products made from the forest. Such activities account for a very high percentage of the costs of production. Using nanotechnology, the nature of the interactions between the lignocellulosics and water can be manipulated to improve drainage during formation of the paper and increase the efficiency of drying of both wood and paper.  This could take the form of nanomaterials that modify fiber surfaces or change the viscosity of water. Such materials could also be used as coatings on papermachine wires and press felts thus enhancing drainage rates of liquid water. They might also be used on dryer felts and cans to improve heat transfer, making drying more efficient.   

