Particles HW 4 – Particle physical behavior and particle thermodynamics

Due Wednesday, October 5, 2005

Readings:  

Papers:  Choose one based upon your own interest:

Pharmaceutical powders - Large Porous Particles for Pulmonary Drug Delivery

David A. Edwards, Justin Hanes, Giovanni Caponetti, Jeffrey Hrkach, Abdelaziz Ben-Jebria, Mary Lou Eskew, Jeffrey Mintzes, Daniel Deaver, Noah Lotan, Robert Langer

Science, 276, 1868-1871 (1997)

Particle phase pollution - Residential Biofuels in South Asia: Carbonaceous Aerosol Emissions and Climate Impacts, C. Venkataraman, G. Habib, A. Eiguren-Fernandez, A. H. Miguel, S. K. Friedlander, Science, 307, 1454-1456

Nanoparticles - Jumping Nanodroplets, A. Habenicht, M. Olapinski, F. Burmeister,,P. Leiderer, J. Boneberg Science, 309, 2043-2045 (2005). 
Recommended additional reading: Riest, Chapters 11,12,13,14, 18 (they are short chapters)

1. Choose one of the above papers and write a short (1/2 page single spaced max) summary of the main results of the paper, and include a discussion of what you found to be the most interesting aspect of the research that was described in the paper.  Also include suggestions for further experiments or theoretical studies.    

2. Thermophoresis can be effective for small particle removal.  Design a particle collector that uses thermophoresis to remove nanosized aerosol particles from a flowing gas stream.  

Specifications:  

Gas stream flow rate = 60 cm3/min @ 20 C, 1 atm pressure, dry air (no water vapor).  Particle concentration = 1000 particles/cm3.  Number mean particle diameter = 20 nm, 95% of all particles less than 30 nm.  Collection efficiency (for all particles) must be greater than 90%.  The material used to make the collector will be a plastic and it can only be heated up to 120 C, or cooled to 3 C.  The pressure drop through the device must be no greater than 3 psi. 

3. List three occupations that would involve generation of suspended powders or droplets.  For each occupation, list the composition of the powders that would be produced.  For one of the occupations, research what safety precautions must be taken for safe handling of the suspended material.  The US Occupational Safety and Health Administration is a good start (www.osha.gov).  Material Safety Data Sheets also provide information about safety precautions.  

4. (For students taking 471)  Consider a droplet of water suspended in air, at T = 300K.  If the partial pressure at the droplet surface is 1.1 * the equilibrium partial pressure over a flat surface, what is the diameter of the droplet?  

5. (For students taking 648I)  How long will it take for a 15 nanometer diameter water droplet suspended in a mixture of air and water vapor to double its volume by condensation if the ambient temperature is 300 K, the ambient saturation ratio (over a flat surface) is 2.0?  Perform this estimation assuming a) that the curvature of the droplet has no effect on the vapor pressure at the surface of the droplet (neglecting the Kelvin effect), and b) incorporating the effect of curvature on the vapor pressure at the droplet surface as given by the Kelvin equation.  Hint1 -  the following expansion may be helpful:

exp(A) = 1 + A + 1/2A2 + 1/6A3 + …

Hint 2 – it may be reasonable to neglect all terms in the expansion after the first two.  

