Forest Products Nanotechnology Priority Research Area I : Improved Strength to Weight Performance of Paper and Board. 

Drivers and Link to Agenda 2020: 
As part of development of the Agenda 2020 Technology Roadmap, seven high value technology platforms have been established. These platforms serve to provide focus for the research efforts needed to realize the program goals. Nano Technology is not highlighted as a specific high value platform in Agenda 2020, but viewed by the industry as an arena of technology development where new, high impact solutions could emerge and have a major impact on the Agenda results. The 2004 Nano Technology Roadmap for the Forest Products Industry was developed to establish the general direction of research needed in the nano technology area in order to address the Agenda 2020 high value platforms. As a subsequent focusing effort, a nano task force was formed to develop more specific research goals and targets for nano technology, with an eye toward generating support in the industry and focused Requests for Proposals for the nano research community.
This document describes one of the priority areas for nano research that the task force identified, aimed at radically improving the strength to weight performance characteristics of paper and board structures. This objective is closely tied to the high value added technology platform in Agenda 2020 named “Sheet property development using less energy and materials”.


Objective: 
Improve strength/weight performance of paper and board by at least 40% using one or several nano technology based approaches. 
Rationale: 
The task team is of the opinion that the 40% improvement level is not attainable with current technology and would require one or several breakthroughs in the three key areas of strength, optical properties and surface enhancement. We see a potential for the nano research community to generate these breakthroughs where conventional approaches have been limited. These enabling and pre-competitive technology breakthroughs in the three key areas can then be leveraged separately or in combination by the industry to generate competitive advantage. The solutions will allow radical reduction of raw material use by the industry and its customers, it will provide opportunities to develop and market products with superior performance, and it will ultimately allow the industry to develop new and unique materials for markets outside the pulp and paper industry.
Societal Effects: Reduced basis weight of paper and board products will substantially reduce wood consumption and volume of material processed in the pulp and paper industry, with proportional energy reductions and environmental impact. It will  also reduce the mass of paper affecting landfills. Furthermore, it would provide opportunities to replace non-renewable materials in a wide range of markets with sustainable materials made from cellulose based alternatives.
Background: The physical and chemical properties of the cellulose fiber network in paper and board have been studied extensively over the past 50 years and vast amounts of information on the subject can be found in the literature. In essence the strength of the network is governed by the bond strength, fiber strength, fiber size and shape, effect of any additives or fillers and uniformity of material distribution. Commercial strength enhancement chemicals are effective to a point, but these technologies are not capable of leveraging the inherent strength of the cellulose material, which approaches that of steel. Therefore we see an opportunity in using nano technology to diminish or close the gap between actual current network strength, and the orders of magnitude higher strength of the basic cellulose structure building blocks. 

Both nature and science have accomplished some impressive results in strength development using a very small amount of materials on the nano scale. Below are some references that excite us and indicate that the potential is there for enabling breakthroughs……………. (Phil examples here)
Theory: As part of previous research in this area, extensive modeling and theoretical background results have been accomplished, and it is likely that this theory platform can be used as a starting point for developing the theoretical foundation for nano derived strength enhancement. 
There is a need as part of this project to develop tailored modeling capabilities and theory to predict and elucidate strength effects of nano level modifications to the network structure and effects of nano size additives. This enhanced theory package should be used as part of a first step to develop a theoretical perspective on the levels and kinds of enhancements to the structure that will be needed to meet the research objectives (ideal structure analysis and determination – “reality check”).
Properties: We are looking for technology solutions that will allow a 40% reduction of basis weight of current products, and establish the pre-competitive platform for development of new and stronger materials from cellulose fibers. The preferred solution will allow the industry to continue using current assets, but this should not be a constraint on the development work. There is a great deal of value in solutions that involve significant modifications to infrastructure as well. Those solutions that allow significant simplifications of the current assets are of course of special interest. 

Data are readily available in the literature to understand what the property effects of reduced basis weights will be with the limitations of current technology. We know that deficiencies will arise in strength, optical properties and probably surface quality as basis weight is reduced. 
We envision solutions being developed to address each of these deficiencies separately but compatibly as a set of pre-competitive, enabling technologies. The solutions will need to be combined in various ways to generate actual improved products, so adequate coordination will be necessary in order to assure that solutions in strength, optical properties and surface enhancement are compatible. 
With solutions in place, companies with access to the new technologies can leverage them in order to enter new markets, reduce cost or in other ways generate competitive advantage. 

As a secondary objective, the industry is interested in using improved fibers and networks to access opportunities in other markets.
Synthesis: There are a couple of general strategies that appear valid at the outset. Need for improvement of the cellulose fiber as a network building block may lead to solutions that that involve self assembly onto cellulose fiber surfaces of nano materials to enhance bonding and the potential of cellulose fibers to improve composite properties. A second general approach might be to introduce building blocks into the structure that have properties developed and selected specifically to enhance properties of the network. 
Boundaries: The solutions must be applicable to a broad range of paper grades and fibers, including all versions currently used in the industry (chemical bleached and unbleached, mechanical and recycled). Solutions that allow continued use of the current asset base are preferred, but this does not represent an absolute boundary. Ideally a technology solution would allow production using a simplified and less capital intensive process. 
The solution must be proven cost effective at the pre-competitive stage, or have obvious potential to represent a solid value proposition to the industry in a real setting and in a longer perspective.

The approach can involve modifying the fiber material (cellulose, fiber structure, lignin/hemi-cellulose etc.) or it can involve novel additives and chemical reactions or both separately or simultaneously as long as an effective end result can be achieved.

The solution must improve the environmental standing of the industry, and it must reduce energy consumption. 
Focus should be on reducing basis weight of paper in its current end uses, but as a secondary objective we are also interested in property enhancements of fibers and cellulose network structures that will allow entry into other markets than paper and board. 

Deliverables:

Deliverables 1 and 2 are viewed as primary from research efforts in the focus area of improved strength to weight performance. Deliverables 3 and 4 will be necessary for effective development of new paper and board products using these pre-competitive tools, and these are discussed in more detail in separate documents. 
 

1. A theory package, including a model that is useful to evaluate and predict impact of network modifications on the nano scale on network strength,

2. A nano scale technology solution that provides sufficient enhancement of fiber network strength to allow reduction of material use in paper and board by at least 40%,

3. A second nano scale technology solution that enhances  optical properties of paper and board sufficiently to allow reduction of materials by 40%, and is compatible with the technology solution under 2,


4. A third nano scale technology solution that provides the tools necessary to maintain or enhance paper and board surface quality at a 40% reduction of material use, and that is compatible with solutions developed under 2 & 3.  

It is understood that analytical methods needed to adequately track and measure the modifications made on a nano scale will be developed as part of the program and made available to the industry as part of the deliverables.
Connections?

Implementation?

