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Much of the energy demand in India and China is met by coal and bio fuel combustion Moreover, 
residential combustion of coal takes place in homes for heating or cooking purposes and is thought to 
contribute heavily to global or regional burdens of carbonaceous particles. In order to better quantify the 
fine particulate emissions for local emissions inventory, it is important to test the emissions from different 
Asian coals. In this study, we collect diluted exhaust emissions from the combustion of three different 
Asian coals in a batch underfire air grate furnace using two micro-orifice uniform deposit impactors 
(MOUDIs). The three Asian coals are from Meghalaya (India), Dinajpur (Bangladesh), and Datong 
(China). Prior to sample collection, the hot exhaust emissions were diluted in a dilution source sampler. The 
particle mass distributions from the three coals have a single mode that peaks at 0.18-0.32 mm particle 
aerodynamic diameter. Particles emitted from coal burning were mostly elemental carbon in nature. 
Organic matter was the next largest contributor. Size distributions from several trace elements (magnesium, 
aluminum, chloride, arsenic, bromine, cobalt, sodium, mercury, scandium, antimony, lanthanam, and 
samarium) were measured using instrumental neutron activation analysis.  The purpose of these 
experiments was to examine the emissions that occur when chunks of coal, on the order of 2 inches in 
diameter, are burned under conditions similar to a small industrial or commercial hand-stoked furnaces. 
The data obtained from these source tests will prove useful in constructing and evaluating regional 
emission inventory and assessing source impacts on air quality.
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Species of Interest Instrument Used Method Used 

Mass Mettler model M-55-A mechanical microbalance Gravimetric Analysis by repeated weighing before and after the experiment. Microbalance 
maintained in a temperature and humidity-controlled environment (21.0 ± 0.2oC, 39 ± 3% 
RH) 

SO4
2-, Cl -, NO3

- Dionex Corporation, Model 2020i Ion Chromatography described by Mulik et al., 1976 

NH4
+ Alpkem rapid flow analyzer (Model RFA-300) Indophenol Colorimetric Procedure described in Bolleter et al., 1961 

EC and OC Carbon Analyzer Thermal-optical carbon analysis method of Huntzicker et al. [1982] as modified by Birch 
and Cary [1996]

Trace Elements Neutron Activation for MOUDI samples

ICP-MS for other filter samples

Olmez, 1989

COALS TESTED: LOCATION AND COMPOSITION

ABSTRACT

1. Bangladeshi Coal from Dinajpur

3. Chinese Coal from Datong

RESULTS

ANALYTICAL METHODS

Acknowledgement
This work was supported by the Strategic Environmental Research and Development Program (SERDP), National Science Foundation (NSF) Award No. ATM-0004138, and 
the Georgia Institute of Technology. Thanks are due to Paul Mayo for aerosol carbon analysis, Michael Ames (MIT) for neutron activation analysis of trace elements.

Figure 2. Dilution Source Sampler with MOUDI and filter sampler used in Batch 
Kiln to burn chunk coal. 

Table I. Chemical composition of raw coals used in the analysis of coal combustion emission. Analysis on dry weight basis.

EXPERIMENTAL METHODS

� Conducted at the Utah 
Combustion Research 
Group Facility at the 
University of Utah

� Combustion inside a 
Brick Kiln Furnace

� Temperatures of 1100 to 
1200°C were maintained 

� Lumps of coal of 2 in in 
diameter were burned on 
an open grate with 
combustion air supplied 
from below the grate. 

� Dilution sampler 
operation described by 
Schauer et al. (1999a, 
1999b)

� MOUDI Cascade 
Impactors & AIHL 
cyclones with filter used 
for sample collection

2. Indian Coal from Meghalaya

Table 2. Compositions of chemical species in PM2.5 emitted from coal combustions 
(Filter Sample). Errors indicate analytical uncertainties.

Figure 4. Size and chemical distribution of individual trace species emitted from 
Bangladeshi coal smoke as measured by MOUDI impactor (0-1.8 mm). Error bars 
represent one standard deviation.

Figure 5. Size and chemical distribution of individual trace species emitted from 
Indian coal smoke as measured by MOUDI impactor (0-1.8 mm). Error bars 
represent one standard deviation.

Figure 3 (upper panels). Percent contribution of individual chemical species to the fine particulate matter (Da<1.8 mm) emitted from Bangladeshi, Indian, and Chinese 
coals as measured by MOUDI impactor. The size of the pie chart represent the total fine particle concentration in the residence chamber.

Figure 3 (lower panels). Size and chemical species distribution of 1 mg of fine particulate matter emitted from Bangladeshi, Indian, and Chinese coal smoke as measured 
by MOUDI impactor. 

Figure 1. Location of Asian coals tested.  

� At high flame temperature particles are formed with volatilization of ash components.  Then condensation and coagulation of volatile material 
occurs in the dilution sampling system under cooler condition. 

� From MOUDI Samples

� For Bangladeshi coal, Mg, Cl, V, Co, As, Sb, Hg and Nd have a bimodal size distribution with one peak at the supramicron range and another one at the submicron range 
(between 0.10 and 0.18 mm). 

� For the Indian coal, Hg, Co, and Cl display a bimodal size distribution with a supramicron and a submicron peak. 

� This may indicate that these elements experienced some volatilization and recondensation to form fine particles during the combustion process.  


