DRAFT

FOCUS AREA 4:: Nanocomposites using Cellulose and lignocellulose
Cellulose is a material which has unique tensile properties. In its pure form it can create fibers that are as strong or stronger then kelvar (Cellulose = 70 to 137 GPa, Kevlar = 100 GPa) . However, during the process to extract cellulose from trees or plants while removing lignan, the length and strength of the cellulose fibers are significantly decreased. It is desired to form composites in which cellulose provides its maximum tensile strength.  Other properties include formability and geometrical complexity at very small scale, unique physical properties, surface smoothness, biomedical compatibility, and ability to reinforce polymer foams. 

1)  It is also desired though the use of nanomaterials, and chemistry to either form, or reform cellulose fibers in a variety of matrixes in which the cellulose can contribute its full modular strength to the matrix.

   A variety of potential avenues can be investigated to accomplish this. These include the following; 

a. Modification of the side chains of inorganics, such as siloxanes, silanes, or sodium silicates to link the cellulose fibers through Si-OH bonds forming an organic/inorganic matrix.  

b. Growing the cellulose from bacteria; or an enzyme engine such that the cellulose forms in a matrix. A nanostructure template and nano-catalysts could be used to such to help structure the matrix and increase the rate of formation of the cellulose fibers within the structured matrix. 

c. Disassembly of plants with enzymes/chemistries that allows for the separation of cellulose from lignin without mechanical action.

d. Development of systems that simulate the growth of cellulose in trees  or plants that can be accomplished on a industrial scale,

e. Dissolution of cellulose into ionic liquids. with precipitation of cellulose into a continuous fiber, o r incorporation of treads or honeycomb weaves  of cellulose into a variety of different material matrixes. 

f. Reacting wood pulp fibers in a solvent medium that does not fully penetrate the fibers, then hot-pressing the partially modified pulp fibers at elevated temperature, to form a semi-transparent polymer sheet is formed that is actually a nanocomposite of cellulose esters and unmodified cellulose.1
g. Use of cellulose nanocrystals for reinforcement of other matrix materials. – Extreme refining of cellulose fiber resulting in increasing CSF.2
h. Modification of the side chains of cellulose to further enhance self assembly.3 
A variety of understanding and characterization techniques would need to be established to accomplish the above. These include


a) Understanding cell wall formation in tree and plants

            b) Development of the appropriate inorganic chemistry for linking cellulose

            c) Understanding of cellulose chemistry and the sheet layer of cellulose to establish pathways by which cellulose could be modified to enhance self assembly. 

            d) Understanding and modeling the formation of cellulose from glucose or other simple sugars by bacteria. 

            e) Understanding of the effect of a variety of enzymes on the structure and tensile strength of cellulose.

             f) Understanding of the chemistry of cellulose and manipulation of its precipitation based on its solubility in various liquids and subsequent processing.  

             g) Effects of enzymes and extreme refining conditions on cellulose and cellulose composites. 

2: Use of cellulose in a variety of different matrixes will be dependent on the interactivity of the matrix material with cellulose and or lignocellulose surface chemistry wetting and surface area play key roles in the formation of  high strength interface between the matrix, matrix components and cellulose. Nanomaterials can provide unique levels of surface area for the formation of chemical bridges between the cellulose, the matrix and other fillers used. The strength of Cellulose composites are influenced by the chemical interface and cellulose particle geometry. Interfacial interactions are governed by adhesion, water sorption, durability , and processing of the material.

3: Cellulose derivatives can also be combined with Nanomaterials and used in conjunction with cellulose fibers, or other fibers to form nanocomposites.4
. 

Characterization:

AFM, SEM , TEM and  Raman Spectroscopy  techniques will have to be used to determine the nanostructure of the matrixes formed. 
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