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ABSTRACT 

Burning profiles of 35-53 pm size fractions of an Illinois coal and three partially 
devolatilized coals prepared from the original coal were obtained using a thermogravimetric 
analyzer. The burning profile burnout temperatures were higher for lower volatile fuels and 
correlated well with carbon combustion efficiencies of the fuels when burned in a laboratory- 
scale laminar flow reactor. Fuels with higher burnout temperatures had lower carbon 
combustion efficiencies under various time-temperature conditions in the laboratory-scale 
reactor. 

INTRODUCTION 

The reduction in volatile matter that accompanies most thermal and 
chemical coal-desulfurization processes influences combustion characteris- 
tics such as ignition temperature, flame stability and carbon burnout. The 
current goals of combustion research at the Illinois State Geological Survey 
are to obtain combustion characteristics of partially devolatilized coals and 
to develop methods for predicting combustion performances of fuels in 
larger combustors using thermogravimetric data. 

Nonisothermal thermogravimetry (TG) has been widely used for evaluat- 
ing burning properties of coals and chars [l-6]. A plot of the rate of weight 
loss against temperature while burning a sample in air has been referred to 
as a “burning profile” [3]. Burning profiles obtained under a set of standard 
conditions provide detailed information from the onset of oxidation to 
complete burnout and are useful for predicting the relative ranking of fuels 
with regard to their combustion reactivities. According to published reports 
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[3,7], fuels with higher burning profile burnout temperatures (TB) are more 
difficult to burn and require longer residence times or higher temperatures 
to achieve complete combustion in a commercial boiler. Fuels with similar 
burning profiles have comparable burning characteristics in large coal-fired 
furnaces [3]. In a recent study [4] a correlation was observed between a fuel’s 
burn-out temperature and its burnout performance in a pilot-scale pulverized 
coal combustor. 

In part I of this series, the effects of sample mass, heating rate, and air 
purge rate on burning profiles were presented [8]. In part II, the influence of 
particle size on burning profiles of a coal and three partially devolatilized 
coals were reported [9]. In this paper, the results of a study to relate a fuel’s 
burning profile burnout temperature to its combustion efficiency when 
burned in a laboratory-scale laminar flow reactor under conditions repre- 
sentative of pulverized-coal boilers are presented. 

EXPERIMENTAL 

Samples for this study were derived from sample number 3 of the Illinois 
Basin Coal Sample Bank (IBC-103, 39.2% volatile matter, dry basis) [lo]. 
This sample is a mine-washed coal and consists of a blend of 20% Herrin 
(No. 6) and 80% Springfield (No. 5) coals. The analyses of the 38-53 urn size 
fraction of the IBC-103 coal are presented in Table 1. The partially de- 
volatilized (PD) coals were produced at the United Coal Company’s (UCC) 
pyrolysis pilot plant facility located near Bristol, VA. The parent coal and 
the three PD samples were subjected to a riffling and grinding procedure [2] 

TABLE 1 

Analyses of the 38-53 pm IBC-103 coal and PD coals (wt.%) . 

coal PD-1 PD-2 PD-3 

Proximate 
Moisture 
Volatile matter 
Fixed carbon 
H-T ash 

Ultimate 
Hydrogen 
Carbon 
Nitrogen 
Oxygen a 
Sulfur 
H-T ash 
Btu/lb 

2.0 1.6 1.7 1.6 
35.6 25.6 18.4 13.6 
53.4 61.9 67.8 73.0 

9.0 10.9 12.1 11.8 

5.07 
73.21 

1.82 
8.68 
2.23 
8.99 

13153 12932 12691 12624 

a Oxygen was obtained by difference. 
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to produce five discrete size fractions of each fuel, 38-53 pm, 53-75 pm, 
75-105 pm, 105-150 pm, and 150-212 pm. The 35-53 pm size fraction was 
used in this study. The PD fuels had volatile matter (dry-ash-free basis) 
contents of 29.3 (PD-l), 21.5 (PD-2), and 15.7% (PD-3). Proximate analyses 
of the PD coals are given in Table 1. 

Burning characteristics of the fuels were obtained with an Omnitherm 
TGA coupled with an Omnitherm QC25 Program/Controller. The TGA 
system is interfaced with an IBM PC-XT computer through a Keithley DAS 
series 500 data acquisition system to provide automatic data collection and 
storage. In a typical run, a sample mass of about 5 mg was loaded into the 
platinum pan of the TGA and was heated at a constant rate of 20 o C mm’ 
in a 10% O,-90% N, gas mixture from ambient temperature to 800 o C. The 
flow rate of reactant gas was 200 cm3 mm’. Under these conditions 
thermal runaway, which results from sudden ignition of sample, did not 
occur. The percent weight of the unburned sample, percent rate of weight 
loss, and the gas temperature in the vicinity of the sample pan were collected 
by the computer at 15 s intervals. Percent rate of weight loss data were 
plotted against temperature to obtain burning profiles. The burning profiles 
of the size-graded fuels were reported in part II of this study [9]. 

Carbon combustion efficiency data were obtained in a vertical 
laboratory-scale laminar-flow tube reactor located at the University of 
North Dakota Energy and Minerals Research Center. The reactor, referred 
to as a drop tube furnace (DTF), mimics the time-temperature history of 
commercial boilers. Tests were performed at two furnace temperatures 
(900 o C and 1300 o C) and two residence times (0.1 s and 0.8 s). The reacting 
gas contained 3% oxygen and 97% nitrogen and had a nominal flow rate of 
10 1 min-l. Original samples and their residues collected from the DTF tests 
were subjected to TG-proximate analysis to determine the fraction of 
carbon converted. Approximately 40 mg of sample was heated at 50” C 
min-l under argon purge to 825” C. The weight loss between 110 O C and 
810 O C was considered to be exclusively volatile matter in calculations. The 
percent of fixed carbon in the sample was determined from the weight loss 
after admitting air at 825 O C. The ash content was evaluated from the weight 
remaining. The fraction of carbon burned in the DTF was calculated by 
assuming that all of the ash in the original sample remained in the residue. 

RESULTS 

Burning profiles of the fuels are shown in Fig. 1. The profiles are offset to 
avoid overlap. Raw coal exhibits a single-burn profile, while double-bum 
profiles are observed for PD-1, PD-2 and PD-3 coals. The second burn 
appears as a shoulder peak for PD-1 and becomes more pronounced for 
PD-2 and PD-3. The double-bum behavior observed for the PD coals 
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Fig. 1. Burning profiles for 35-53 km fuels in 10% O,-90% N,, 20°C rnin-‘. 

suggests the presence of at least two types of combustibles in the fuels. The 
two portions of combustibles burn in two distinct stages with peak burn 
rates at approximately 520 o C and 600 o C. The higher reactivity constituent 
(low temperature bum) has burning properties similar to coal and was 
present in larger concentrations in PD-1, followed by PD-2 and PD-3 [2]. 
TG volatile release profiles of the fuels indicated that PD samples were 
blends of untreated coal and highly devolatilized coal [2]. 

Figure 1 reveals that the profiles are shifted to higher temperatures with 
decreasing volatile matter content. Burnout temperatures, defined as the 
temperature where the rate of weight loss decreases to less than 1% ruin-‘, 
are 600 o C, 640 o C, 670 o C and 695 o C for coal, PD-1, PD-2, and PD-3. This 
indicates that under the conditions used coal is the most readily combusted 
fuel followed by PD-1, PD-2 and PD-3. 

The results of the DTF tests are shown in Fig. 2. Carbon conversions for 
the coal and PD coals vary from 10% to 75% at 900°C and from 25% to 
100% at 1300 o C. Carbon conversion increases with increasing temperature, 
residence time and volatile matter content. Data indicate that the effects of 
volatile matter and residence time on carbon conversion are more pro- 
nounced at higher furnace temperatures. Also, the effect of residence time 
on carbon loss is generally more pronounced for fuels with higher volatile 
matter content. Data also show that carbon conversion curves at 1300” C 
and 0.1 s residence time were identical to those at 900 o C and 0.8 s residence 
time, indicating that temperature and residence time are interrelated. DTF 
data reveal similar trends in the reactivity of fuels as those obtained with the 
TG method. 

In Fig. 3, carbon conversions obtained in the DTF for 38-53 pm fuels at 
900 o C and 1300 o C and 0.1 s and 0.8 s residence times (values were taken 
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Fig. 2. Carbon conversions obtained in the drop tube furnace. 
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the curves shown in Fig. 2) are plotted against values of TB obtained 
burning profiles. Good correlations were observed between burning 

profile burnout temperatures, which reflect fuel reactivity, and carbon 
conversions under various time-temperature conditions in the DTF. In all 
cases, a low TB corresponded to high carbon conversion. 
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Fig. 3. Relationship between TG burnout temperature and carbon conversion in DTF. 



CONCLUSIONS 

Correlations such as those shown in Fig. 3 have practical applications 
when a large database is established for different types of fuels which have 
been tested under various conditions in the DTF and larger combustors. 
Burning profiles and burnout temperatures of new fuels, especially those 
that are not available in sufficient quantities for pilot or full-scale testing, 
can be compared with those of fuels with known performances to evaluate 
relative combustion performances of the new fuels under different boiler 
conditions. The results presented here demonstrate the potential of TG as a 
rapid and cost effective technique to predict burning characteristics of fuels 
under conditions representative of coal-fired boilers. 
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