Optical Characterization of Soot Aerosols

Date and Duration

This project, Optical Characterization of Soot Aerosols, will be conducted from June 5, 2006 for ten weeks at Harvey Mudd College.  It will be conducted by Howard Yu (HMC 2008) and Professor Peter N. Saeta.

Motivation

Since the Industrial Revolution increasing quantities of carbon have been released into the atmosphere, causing a variety of climatic effects. The largest effect is the release of the green house gas carbon dioxide, which helps the atmosphere retain the heat generated by incident sunlight. The temperature rise caused by increased CO2 in the atmosphere is well understood and beyond dispute at this point. However, there is another form of atmospheric carbon that plays a significant role in climate change and environmental pollution: soot aerosols arising from the imperfect combustion of diesel fuel and biomass. These particles also cause warming by absorbing incident solar radiation, although the extent of this positive forcing is poorly understood at present. Indeed, as discussed in the 2001 report of the Intergovernmental Panel on Climate Change, ignorance of the optical properties of carbon aerosols is the greatest source of uncertainty in the large models of global climate change. Measurements of the optical properties of realistic soot particles will thus permit more accurate estimates of the climate forcings they cause, producing more reliable and persuasive models of climate change. Ultimately, one can only hope, these improved models will play a significant role in shaping both public opinion and governmental policy.

Much of the ambiguity surrounding the optical properties of soot arises from layers of transparent material that coat the dendritic carbon soot particles. These coatings may be composed of unburned fuel, lubricating oils, sulfates, or other transparent materials that accrete on the particles while they are airborne. The coating material may be as much as 50% of the volume of the particle, and there are theoretical grounds for expecting them to cause significant changes to the particles’ optical properties (Jacobson, 2001).   Given the complicated structure of soot particles, however, it is extremely difficult to calculate the changes from first principles. Recent studies of the optical properties of soot have largely concentrated on uncoated soot particles and characterization of their size and shape.  While these studies have told us much about the morphology and general properties of dry soot, the effects of chemical coating remain largely unstudied (Michelsen 14).

Besides their role in climate change, soot particles pose significant health risks, as well. Small particles follow airflow deeper into the lungs, increasing the risk of pulmonary disease and absorption into the blood stream. Although they are more fuel efficient than gasoline engines, diesels tend to produce much more particulates. For a decade modern diesel engines have employed improved high-pressure nozzles to inject fuel droplets into the compressed hot air. The smaller droplets burn more completely, reducing the volume of soot particles. However, the smaller fuel droplets produce smaller soot particles, which pose greater health risks. A reliable, efficient way of characterizing the presence and nature of coated carbon aerosols will allow better monitoring of particle emissions, both for roadside detection and for an accurate global survey of their.  Optical systems for detecting airborne particles are ideal candidates, and our work on coated particles may play a role in improved optical detection systems.

Proposed Research

The goal of this project is to measure the total extinction and polarization-resolved differential scattering cross section of coated soot particles at the red wavelength 632.8 nm and to study how these optical properties depend upon the coating thickness. 

Soot particles will be created by partially combusting ethylene and subsequently coated in a particle-coating condenser. The coating material should mimic the dielectric properties of typical coatings such as sulfates and lubrication oil, and be sufficiently nonvolatile at room temperature to persist long after the particles emerge from the coating chamber. Oleic acid will be used for this purpose.

The total extinction cross-section of uncoated and coated soot particles will be measured using the cavity ringdown technique. Qualitative and comparative results may be obtained by comparing the behavior of uncoated and coated particles, provided that the coating condenser does not significantly diminish the density of soot particles. To obtain absolute results we will need to know the density of soot particles and their spatial distribution within the ringdown cavity. A scanning mobility particle sizer will be used for this purpose. 

Cavity ringdown spectroscopy (CRDS) is a method for measuring how much light is scattered and absorbed as a beam travels through a nearly transparent medium that scatters and absorbs only weakly. In CRDS, two highly reflective mirrors are placed on either side of a cavity containing the medium in question (in this case, soot suspended in air). A laser beam enters the cavity and gradually increases the intensity of light inside. When the beam is turned off, the light inside the cavity is mostly reflected back and forth between the mirrors, but a small fraction is partially transmitted by the mirrors upon each reflection. By observing the decay in intensity of the light escaping the cavity through the mirrors as a function of time, we can measure the total extinction rate caused by the particles.

The polarization and angle-resolved scattering from uncoated and coated soot particles will be measured using a lock-in technique. A semiconductor diode laser beam will be dithered at a frequency near 10 kHz and the scattered light detected with a ﬁber-coupled low-noise amplified photodiode. The polarization-resolved angular resolution will be 10° or less. These measurements will require us to use care to eliminate scattering from surfaces while retaining sensitivity and angular resolution. 

Dissemination of Results

The proposed research takes advantage of the investment of the Combustion Research Facility (CRF) of Sandia National Laboratory in a clinic project at HMC. The setup we have built over two years is poised to acquire data of significance to Sandia and to the climate and health modeling communities. Our results will be shared with the CRF and we will seek to publish them in a peer-reviewed journal such as the Journal of Geophysical Research or the Journal of Aerosol Science, where much of the work on the optical properties of soot appears.

Educational Value

As a sophomore physics major, this project would be my first experience being a major participant in a research project.  That experience would be very valuable in the future.  Furthermore, the research deals with optics, with greater implications for climate change.  I haven't done a great deal in the field of optics, but I am interested in the field, and doing this research would give me a chance to learn more.  Additionally, I have a great interest in the issue of global climate change.  My interest in climate change was really sparked last year by a physics colloquium talk given by Dr. Nathan Lewis.  Dr. Lewis spoke about the importance of climate change, as well as the implications of the current energy situation of the earth.  Subsequently, I took a class concerning energy and the environment, which also introduced the topic of climate change more deeply.  Eventually, I could see myself going into a career involving research concerning climate change, both its causes and possible solutions to the problems.  However, this would be my first experience with the experimental aspect of climate change, which I hope will give me the experience needed to potentially proceed into that career.

I believe that global climate change is one of, if not the, most pressing issues that we face as a society, and the first step to solving the problem or even deciding on how to proceed with dealing with global climate change is to better understand the various causes and factors that contribute to climate change.  So, the prospect of contributing to an area of science that isn't very well understood, as well as possibly being able to contribute to our understanding of and the eventual solution to the problem of climate change is very exciting.  In particular, the subject of anthropogenic climate change is interesting specifically because it has been caused by human activity on the earth, and as such, is something that we can hopefully identify and rectify.  In the case of soot aerosols, these types of coated particles have been emitted into the atmosphere since the Industrial Revolution, and has certainly had some effect on the earth's climate.  Investigating their properties would help our understanding of how they affect climate change, which I'm acutely interested in.  After the research has been done, the results would probably be submitted to a peer-reviewed journal such as the Journal of Geophysical Research or the Journal of Aerosol Science.  This would also be a valuable experience, since I have never written and submitted anything to a scientific journal before.

Feasibility

In terms of resources, the project is already being conducted by the physics clinic team in close connection with the Combustion Research Facility of Sandia  National Laboratories.  So, all the resources necessary have already been obtained.    If funding is approved, then I would work on the project for the remainder of the semester as well, so I would have the necessary background to perform the research during the summer.  Additionally, Professor Saeta is the faculty adviser for the clinic team, and so the faculty support would be more than adequate.

Proposed Budget

	Item
	Cost

	Student summer salary (rising junior)
	$4,000.00

	Professor stipend
	$500.00

	Miscellaneous supplies
	$500.00

	Total
	$5,000.00
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