Chemical and Transport Systems (CTS) Division 

Mission, Vision and Strategic Directions

MISSION: Technologies and processes for transforming materials and energy are critical to improving the living standards and prolonging the lives of people in the nation and the world.  Important sectors of the global economy based on these technologies are the process industries (chemicals, pharmaceuticals, petroleum, plastics, coatings, food, textiles, and paper), energy industries (utilities, power generation, oil and gas), and manufacturers of consumer products (electronic devices, automobiles, and appliances).  

The mission of the CTS Division is to support fundamental and innovative research efforts in processing and conversion of materials and energy and to support the education of a diverse workforce that can contribute to the development of new and improved technologies and processes. 

VISION (FY2002-2006): The research efforts supported by the CTS Division are directed to chemical and thermal processing and biotechnology.  The challenges of understanding and designing processes that cover multiple-scale phenomena, ranging from molecular-level manipulation and synthesis to large-scale production strategies, offer great opportunities for the CTS research community.

In the next five years, CTS programs will support innovative research that will catalyze rapid progress of important technological advances.  Examples of such technological advances include nano-scale drugs directly deliverable to diseased tissues; reduction or elimination of toxic chemicals and industrial pollution at their source; development of more efficient and environmentally friendly energy sources and alternate fuels; and new functional materials for consumer products.  

The CTS division will also support educational programs that will increase the supply and improve the training of skilled professionals necessary to sustain the development and the growth of process and energy industries.  The CTS division will invest in the education of a diverse workforce and advancement of underrepresented groups in the science and engineering community.      

CTS priority areas that will receive increased funding during the period 2002-2006 include:

· Nanoscale Science and Engineering

· Model-based Computation and Simulation

· Environmental Preservation

· Biotechnology

· Education 

These four areas of emphasis are not unrelated.  Advances in nanoscale technologies will enable advances in environmental preservation and biotechnology.  Likewise, model-based computations and simulations will provide important tools for predicting complex processes at the nano-scale, in the environment, and in biotechnology.  Computational tools developed for education will enhance nearly all CTS programs.

PROGRAM STRUCTURE:  The CTS Division is organized around four themes: (1) Chemical Reaction Processes, CRP; (2) Thermal Systems, TS; (3) Interfacial, Transport & Separation Processes, ITSP; and (4) Fluid & Particle Processes, FPP.  

CRP include kinetics and catalysis together with reaction engineering and process control.  TS include thermal transport and processing together with combustion and plasma processes.  ITSP include thermodynamics and transport of fluids together with separation and purification processes.  FPP include particulate and multiphase processes together with fluid mechanics.

PROGRAM DIRECTIONS:  The strategic development of the CTS programs in research and education is closely aligned with the NSF themes in Nanoscale Science and Engineering (NSE), Information Technology Research (ITR), Biodiversity in the Environment (BE) and the Learning for the 21st Century priority area.

· Nanoscale Science and Engineering: 
The ability to control the synthesis and processing of matter at the nanometer-length scale will produce materials with novel physical, chemical and biological properties.  Understanding of structural morphologies and properties in the size range from molecular scale to bulk scale via new experimental tools and simulation approaches will permit major advances in many areas central to CTS.  The fields of catalysis, fluidics, electronic materials, separation membranes, adsorption media, fuel cells, plasma processing, sensors, and environmental technologies will be significantly impacted.   The synthesis of particles, films and 3D structures with functional nanoscale features by methods involving nucleation, molecular and particle self-assembly, controlled thermal and mass transport, as well as chemical reactions, is a priority area for CTS.  

Furthermore, in order to accelerate the benefits from increased investments in fundamental research on these topics, CTS will allocate funds for addressing issues that deal with scale-up of synthesis, development of new instrumentation methods for characterization and predictive models and simulation techniques for process development. 

· Model-Based Computation and Simulation:  
Enhancements in computational tools (algorithms, data mining and visualization) and infrastructure (tera-scale computing facilities) coupled with advances in basic science permit modeling and simulation of complex materials processing and manufacturing techniques.  Such simulations enable a significant increase in the breadth and depth of the CTS research portfolio in various ITR-related areas.  These include the design and utilization of next generation chemical and plasma vapor deposition techniques for microelectronics manufacturing; the simulation of the growth of photonic crystals with control of microstructure formation and segregation of dopants and impurities; the manufacturing of optical fibers needed in wide-band networking applications with optimum product quality; and the processing of polymers that involves chemical reactions and multi-scale transport phenomena of non-Newtonian fluids.  In addition to reducing the time required to introduce new products and processes, advances in process modeling will result in more efficient and environmentally friendly processing and manufacturing systems.  
· Environmental Preservation: 
Research related to products and processes that avoid or minimize negative environmental impact will continue to be a CTS priority.  Examples of CTS interest areas include: catalysts that minimize undesirable side products, new bio-catalysis methods that permit the use of renewable feedstocks, separations and purification processes that use less energy, are more efficient and use environmentally friendly solvents, cleaner combustion processes, and process design methods that reduce or eliminate environmental impact. These topics are strongly imbedded in the core of CTS programs.  CTS division has provided leadership for the NSF-EPA joint program, Technologies for Sustainable Environment (TSE).  CTS will provide enhanced funding of this priority area through a reallocation of existing resources.

· Biotechnology
Bio-catalysis and bio-separations are key processes in the development of bio-products.  Many bio-reactions must be carried out in dilute aqueous solutions and produce many byproducts in addition to the target product.  This leads to costly separation processes.  Research addressing reaction selectivity at the synthesis step and more efficient separation procedures will lead to breakthroughs in biotechnology. 

Materials used in bio-medical applications and tissue engineering must have unique interfacial properties that make them biocompatible or biodegradable.  Examples include drug delivery through films designed for facilitated transport and protein-coated surfaces as tissue substrates.  Synthesis of such surfaces and new characterization methods and model-based simulations that predict the surface properties are key steps in the development of novel biomedical applications.

The CTS division will support research on bio-catalysis, bio-separations and bio-medically active surface phenomena through its core programs.

· Education
The CTS division will actively participate in the CAREER, ADVANCE, IGERT, REU, CRCD and RET programs and will partner in educational activities of EEC division and the EHR Directorate.

SUPPORTING PHILOSOPHY: The CTS investment strategy is to seek a balance between novel, high-risk technologies and fundamental research that builds the knowledge base enabling those technologies. The core programs in the CTS Division are closely aligned with the NSF-wide priority areas and therefore, the CTS Division is centrally positioned in its participation in the NSE, ITR and TSE programs.

The CTS Division is committed to the development of new faculty through the CAREER program, the encouragement and enhancement of women in the workforce through the ADVANCE program, the combined research and curriculum development efforts through the CRCD program, and the training of graduate students in interdisciplinary environments through the IGERT program.  

CTS: Projected FY 2001 Funding by Major Topics

(Million Dollars)

· Nanoscale Science and Engineering


$17.0

· Model-Based Computation and Simulation

$ 2.5

· Environmental Preservation



$10.0

· Biotechnology




$ 1.5

· Education (including CAREER)


$ 8.0

$ 39 (Total CTS budget of 50 M)

