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TASK 2.10 ADVANCED SAMPLING AND ANALYSIS OF FINE PARTICULATES 

BACKGROUND 

Regulations to minimize all pollutant emissions have been established to reduce the 
possible health hazards in all industries. These regulations require the reduction of sulfur oxides 
(S0.J nitrogen oxides (NOJ, trace elements, and particulates when fossil fuels are burned. When 
fossil fuels are combusted, the particulate emissions are reduced by installing devices, such as 
electrostatic precipators (ESP), to trap particles that are still suspended in the gas stream. The 
majority of particulates are removed by these devices, with only the fine particulates, usually less 
than 1 pm, being emitted into the atmosphere. Thus the fine particulates that are emitted are of 
interest in this study. 

OBJECTIVES 

The objectives of this study are to develop a sampling method to capture the fine 
particulates and classify the particulates according to their size and chemistry. When developing 
the sampling method, two criteria need to be met: 1) the particulates are randomly dispersed on 
the sampling media and 2) the sampling media can be put directly into a scanning electron 
microscope (SEM) for analysis to prevent any alteration of the particulates. 

The SEM analysis, using fine-particle technique (FPT), will provide the size, shape, and 
chemicaI composition of the individual fine particulates. The chemical composition will include 
ten elements ma, Mg, Al, Si, P, S, K, Ca, Ti, Fe) for each particulate. Using the chemical 
analysis, statistical tests will be used to provide a system of classifling the particulates based on 
their size and chemistry, providing a better understanding of the type and size of particulates 
emitted. 

STATEMENT OF WORK 

Several methods for the sampling and analysis of fine particulates are to be tested. Each 
sampling test will be analyzed using the FPT technique for collecting the size, shape, and 
chemical composition of 1500 to 2000 individual fine particulates. The FPT data will be 
classified using cluster analysis and principal component analysis to provide a classification 
system for these particles. 

ACCOMPLISHMENTS 

As reported previously, particulate samples were collected using the advanced hybrid 
particulate collector (AHPC) on the inlet port of the particulate test combustor (PTC) when the 
Absaloka coal was burned in early April. The samples were collected at the inlet rather than the 
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outlet port because of the loading that was expected and the temperature at which the PTC was 
run. Samples at the inlet were expected to see a much greater particulate loading than at the 
outlet because of the efficiency of the particulate collection device on the PTC. Also, 
polycarbonate filters cannot withstand temperatures above 230°C for long periods of time; 
therefore, a quick loading time was required. The samples were briefly scanned and 
photographed using the SEM to determine the best particulate loading time. The particulates 
were too close together on the 20- and 30-second polycarbonate filters to be able to analyze 
individual particles. The particle dispersion on the vitreous carbon substrate appeared to be the 
best of the four samples. 

These samples were ready for FPT analysis, but because of the April 1997 flood damage 
to the analytical equipment, the analyses were unable to be completed. The photographic records 
were also lost in the flood. Installation of replacement SEM instruments was completed in 
December 1997, and rewriting and verification of particulate analysis programs for use on the 
instruments is still in progress. This has resulted in a 6-8-month delay in the project. 

The advent of PM, regulations has prompted an increased interest in the examination of 
secondary aerosols, which are a major component of poststack fine particulate material in the 
micron and submicron range. NaCl, Na,SO,, (NH4)$04, NH4N03, and K 2 0  (KOH) are the most 
common secondary aerosols encountered. The previously existing FPT analysis was not 
developed for, and is not well-suited for, analysis of these materials. The new program direction 
was to produce pure dispersions of these compounds in the micron to submicron size range 
directly on a vitreous carbon substrate to develop and assess SEM measurement and 
quantification techniques. 

Aerosols were produced from pure 1 .O M aqueous solutions of NaCl, Na2S04, (NH4),S0,, 
NH,NO,, and K 2 0  (KOH) using a Tri-Jet Model 3460 aerosol generator and collected by direct 
impingement on a vitreous carbon substrate. Because NaCl is the normal aerosol produced with 
the generator, it was briefly examined using SEM to determine the degree of dispersion. Good 
dispersion with nearly all particulate size below 2 pm and the majority in the 0.1-pm range was 
achieved with a substrate collection time of 2-3 minutes. The brief examination also 
demonstrated that the sample could be introduced directly into the SEM for analysis with no 
prior carbon coating or other preparation and that charging of the sample was minimal. 

Detailed SEM examination of the aerosols will focus on fundamental key questions 
related to the analysis of fine secondary aerosols: 

e Optimum beam energy 
e Counting time required 
e Ability to quanti@ nitrogen and oxygen in the particulate 

Relative ability of wavelength- and energy-dispersive analysis for quantification 
Accuracy and reproducibility as a function of particle size 
Technique of fine-particle-size determination by pixel analysis 
Relationship of total signal to particle volume 
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Sufficient analysis data will be collected to allow statistically valid determination of the 
ability to quantify the aerosol compounds as a function of size and composition as well as to 
determine the optimum analysis conditions. 

CONCLUSIONS AND FUTURE PLANS 

Sampling tests indicated that the polycarbonate filters were marginally acceptable for in- 
stack fine-particle collection because of their 230 "F melting point as well as the requirement of 
carbon coating to reduce charging effects. Vitreous carbon substrates, although not porous, have 
acceptable thermal stability as well as acceptable levels of charging. A porous silver membrane 
filter is also being considered for future testing. 

Pure reference samples of secondary aerosols have been successfully collected on 
vitreous carbon substrates with good dispersion and found suitable for direct examination by 
SEM without prior coating or preparation. 

These samples will be used to develop optimum SEM measurement and quantification 
techniques related to the analysis of fine secondary aerosols. 
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