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ABSTRACT: Coal-fired power generation is one of the main causes of air
pollution, and the fluidized bed technology is currently a commercially used coal-
fired technology. Therefore, it is of great significance to investigate the
characteristics of particulate matter released from the fluidized bed boiler. In
this study, lignite, bituminous coal and anthracite with particle sizes of <75 um
and 180—830 xm were selected and burned completely at 700, 800, and 900 °C
for the purpose of simulating the process of pulverized coal combustion in a small
sized simulated fluidized bed boiler and exploring the effects of coal rank, particle
size, and burning temperature on the characteristics of the released particulate
matter. The results show that, under the same mass, bituminous coal combustion
releases the most PM1, PM2.5, and PM10, followed by lignite and anthracite. For
all combusted coals the released PM1 accounts for half and one-third of the
PM2.5 and PM10, respectively, and the released PM2.5 accounts for half of the
PM10. A smaller particle size of pulverized coal and a higher burning temperature correspond to the release of more submicron to
micron particulate matter. The mass concentration of released particulate matter for lignite and bituminous coal shows a bimodal
distribution, with the two peak values in the ranges of 0.1—0.18 and 3.2—10 um, respectively. As the burning temperature increases
and the particle size of pulverized coal decreases, the first peak value falls and the second peak shifts to a small particle size range.
This study can serve as reference for diminishing the emission of submicron to micron particulate matter by coal-fired power plants
and preventing air pollution.
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1. INTRODUCTION
According to the 2020 Global Air Quality Report, 82 of the 106

temperature, low investment, high thermal efficiency and wide
fuel adaptability, fluidized bed combustion technology has been

countries tested failed to meet the World Health Organization
air quality standards, and air pollution remains one of the major
threats to environmental health in the world."™ Coal
combustion is the main cause of air pollution in various
countries. In China, coal-fired power generation is the main use
of coal combustion, which accounts for about half of the total
coal consumption.™® In the process of coal combustion in
power plants, massive micron particulate matter, known as
PM10, is released, causing severe air pollution in most Chinese
cities. Moreover, PM1 and PM2.5 with smaller particle sizes
have larger specific surface areas, which can absorb heavy metal
elements and are difficult to be captured by the dust removal
equipment. Hence, they are more likely to cause greater harm to
environment and human health.”~"* China is a country that is
rich in coal and lacks oil and gas. Such a basic national condition
will guarantee the main status of coal in energy for a long time.
Therefore, the control of submicron to micron particulate
matter released from coal combustion is a major problem to be
solved urgently."'™'® According to different combustion
methods, coal-fired power station boilers can be classified into
pulverized coal furnaces, fluidized bed boilers, and chain
furnaces. Among them, due to the advantages of low combustion
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widely commercialized. At present, China has become the
country with the largest number of fluidized bed boilers in the
world.'*"?

The emission characteristics of particulate matter from coal-
fired power plant boilers are affected by many factors, such as
combustion temperature, combustion atmosphere, coal charac-
teristics, and combustion time. Among them, combustion
temperature and coal characteristics are the most important
influencing factors. Therefore, it is very necessary to investigate
the influence of combustion temperature and coal characteristics
on the emission of particulate matter from different types of
boilers. Through burning pulverized coal with different particle
sizes and types in pulverized coal boilers at different temper-
atures, Lv and Li,m’17 Wen et al,'® Seames et al,'” and
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Ninomiya et al.”’ explored the influence of coal type, coal
particle size and combustion temperature on particulate
emission characteristics of pulverized coal boiler. However,
due to different combustion temperatures and combustion
mechanisms, the experimental results of pulverized coal fired
boilers (1100—1400 °C) may not be applicable to fluidized bed
boilers (700—1000 °C). For fluidized bed boilers, there are few
studies on the influence of combustion temperature and
pulverized coal characteristics on particulate matter emission
characteristics. Under laboratory fluidized bed conditions,
Zhang et al.”' burned the mixtures of peat and sludge at
different combustion temperatures and investigated the
influence of combustion temperature on particulate emission
characteristics of peat and sludge co-combustion. Under the
condition of pressurized fluidized bed (i.e., in a special
pressurized environment), Wang et al.*? burned lignite,
bituminous coal, and a mixture of lignite, bituminous coal, and
biomass, and reported that coal samples containing more
volatile components would produce more submicron particles.
In addition, Wang et al.”* selected three particle sizes of coal
particles for combustion in a fluidized bed boiler and explored
the effect of coal particle size on the particle size distribution of
bottom slag. To date, the influence of combustion temperature
and coal characteristics on the emission characteristics of
particulate matter in fluidized bed boilers is still unclear.

In view of this, in this study, three typical ranks of coal most
widely used in coal-fired power station boilers, i.e., lignite,
bituminous coal, and anthracite, were selected as the
experimental pulverized coal samples. Within the burning
temperature range (700—900 °C) of fluidized bed boilers,
700, 800, and 900 °C were selected as the burning temperatures.
According to the particle size range (0—10 mm) of pulverized-
coal burning in the fluidized bed boilers, the experimental
pulverized coal was treated to <75 and 180—830 um, so as to
study the influence of coal rank, burning temperature, and
particle size of pulverized coal on the submicron to micron
particulate matter released from coal combustion. This study is
expected to provide reference for the reduction of released
particulate matter and contribute to the prevention of air
pollution.

2. EXPERIMENTAL STUDY

2.1. Experimental Pulverized Coal Samples. Lignite,
bituminous coal, and anthracite, whose ignition points are 300—
400, 400—500, and 550—600 °C, respectively, were selected as
the experimental coal samples. Before the experiment, the coal
samples were preprocessed. First, they were dried and crushed.
Then, according to the particle size range of pulverized coal in
fluidized bed boilers, a standard sieve was used to screen out
those with particle sizes of <75 pm and 180—830 ym. To ensure
complete combustion of the pulverized coal, the mass of the coal
sample for each experimental trial is 10 g. According to the
Chinese national standard Proximate Analysis of Coal (GB/
T212-2008),>* proximate analysis was conducted on the three
ranks of coal samples, and the analysis results are given in Table
1.

2.2. Experimental System. As presented in Figure 1, the
self-developed experimental system is mainly composed of a
small-sized simulated fluidized bed boiler and a released
particulate matter collection system. The simulated fluidized
bed boiler was designed with reference to Zhang et al.”' and
Bhattacharya and Roy,”>*® which consists of an air supply
system (O, cylinder + N, cylinder + airflow meter + air

Table 1. Proximate Analysis Results of the Coal Samples

coal sample moisture (%) ash (%) volatile (%) fixed carbon (%)

lignite 18.00 10.20 41.54 30.29
bituminous coal 2.37 512 33.19 59.32
anthracite 1.63 14.43 9.41 74.53

distributor), a coal feeding system (coal bunker + coal feeder),
and ta emperature-controlled coal combustion system (com-
bustion chamber + carbon silicon heater + PID temperature
controller). The released particulate matter collection system is
composed of a “cooling tube + multistage impact separation
sampler + pressure monitor + vacuum pump”. During the
experimental process, mixed air consisting of 21% O, + 79% N,
(volume ratio) was supplied at 10 L/min. The airflow was first
preheated by the lower section of the carbon silicon heater, then
evenly distributed by the air distributor, and finally released into
the combustion chamber. The internal space of the combustion
chamber was heated by the carbon silicon heater to the set
temperature and controlled within +5 °C by the PID
temperature controller. Through the coal feeder, the pulverized
coal was fed at 10 g/min into the combustion chamber. Under
the action of the pumped air flow, the smoke generated during
the coal burning process was first cooled by the cooling tube and
then the released particulate matter was separately collected by
the multistage impact separation sampler.

2.3. Separation of Particulate Matter Released by Coal
Combustion. The multistage impact separation sampler used
in this study (model 110, TSI Inc., Shoreview, MN, USA)
comprises a total of 11 stages, and the particle sizes after the
classification include >18, 10—18, 5.6—10, 3.2—5.6, 1.8—3.2,
1.0-1.8, 0.56—1.0, 0.32—0.56, 0.18—0.32, 0.1-0.18, and
0.056—0.1 pm in a descending order. It covers the particle size
range of submicron to micron particulate matter that poses the
greatest threat to human health and has the most significant
effect on air pollution. The filter membrane used in this
experiment is a smooth aluminum film without static electricity.
Before the experiment, in order to prevent the rebound of
collected particulate matter, a layer of aspirin was coated on the
aluminum film first, and then the filter film was balanced in a
constant-temperature-and-humidity chamber for 24 h at a
balance temperature of 25 °C and relative humidity of 50%.
Afterward, the aluminum film was weighed and recorded with a
0.1 mg analytical balance and then installed into the sampler for
sampling. Subsequently, the aluminum film was placed in the
constant-temperature-and-humidity chamber to reach equili-
brium for 24 h under the same temperature and humidity
conditions. Finally, the weight of the aluminum film after
sampling was recorded with the same analytical balance, and
then the mass of particulate matter collected by each stage of the
aluminum film on the sampler was calculated.

2.4. Data Process. In order to reduce the experimental
error, each experimental combination is repeated three times
under the same conditions. In addition, this experiment
compares the mass (mg) of particulate matter collected by all
levels of filter membrane with the mass (g.,,;) of coal sample and
obtains the emission factors (mg/g..,) of particulate matter in
each particle size range. In order to analyze PM1, PM2.5, and
PM10 released from coal burning, particulate matter in the
particle size ranges of 0.056—1.0, 0.056—3.2, and 0.056—10 ym
collected by the impact separation sampler was approximately
regarded as PM1, PM2.5, and PM10, respectively.

https://doi.org/10.1021/acsomega.2c05080
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Figure 1. Schematic diagram of experimental system. (1) O, cylinder; (2) N, cylinder; (3,4) Airflow meter; (S) Air distributor; (6) Coal bunker; (7)
Coal feeder; (8) Combustion chamber (P50 * 1000); (9) Carbon silicon heater; (10) Temperature controller; (11) Cooling tube; (12) Multistage
impact separation sampler; (13) Pressure monitor; (14) Vacuum pump.
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Figure 2. Emission factors of particulate matter with diverse particle size ranges for the combustion of different-rank pulverized coals.

3. RESULTS AND DISCUSSION

3.1. Influence of Coal Rank on the Submicron to
Micron Particulate Matter Emission Factors. Figure 2
shows the emission factors of particulate matter with diverse
particle size ranges for the combustion of different-rank

37924

pulverized coals. As can be seen, the emission factors of

bituminous coal in different particle size ranges are obviously
higher than those of lignite and anthracite. As for the particle size
distribution of emission factors, the emission factors of both
lignite and bituminous coal show a bimodal distribution at three

https://doi.org/10.1021/acsomega.2c05080
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Figure 3. PM1, PM2.5, and PM10 emission factors for the combustion of different-rank pulverized coals.

temperatures, with the first and second peak values appearing in
the ranges of 0.1—0.18 and 3.2—10 ym, respectively, and the
second peak value is much higher than that of the first one, which
is consistent with the classical theory:”’ the particulate matter
released by pulverized coal combustion presents a bimodal
distribution, with the first peak value appearing in the submicron
area (near 0.1 ym), and the submicron particulate matter is
generated by the gasification and condensation of inorganics in
the combusted coal particles. The second peak value occurs in
the micron area (>1 ym), and the micron particulate matter
comes from the fragmentation and polymerization of coke
particles during the combustion. However, in this experiment,
the emission factors of anthracite at 700 and 800 °C showed a
unimodal distribution with the peak occurring in the micron
area, and at 900 °C the emission factors showed a bimodal
distribution with the same peak ranges as lignite and bituminous
coal. Wang et al.** and Huang et al.”® found that the mineral
composition of coal, especially the volatile content, has a
significant effect on the generation of submicron particles,.
Anthracite has a high degree of metamorphism and low volatile
content (see Table 1). At lower combustion temperatures (700
and 800 °C), less submicron particulate matter is produced by
gasification and condensation, resulting in failure to present the
peak in the submicron region. With the increase of the
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combustion temperature, the gasification rate of the inorganic
substances in the coal is accelerated, generating more submicron
particulate matter, thus the emission factor peaks in the
submicron region at a temperature of 900 °C.

Figure 3 presents PM1, PM2.5, and PM10 emission factors for
the combustion of different-rank pulverized coals. It is found
that bituminous coal corresponds to the highest emission
factors, followed by lignite and anthracite. Specifically, the PM1,
PM2.5, and PM10 emission factors of bituminous coal are 2.55—
4.08, 2.68—3.99, and 2.74—4.23 times those of anthracite, and
the emission factors of lignite are 1.27—2.60, 1.38—2.42, and
1.67—2.54 times those of anthracite, respectively. Naydenova et
al.*” and Wang et al.” explored the characteristics of generated
particulate matter from the combustion of different fuels
through a laboratory-scale fluidized bed and reported that the
particulate matter emission was highly affected by the volatile
content of coal. The higher the content of volatile matter, the
higher the expansion rate of coke particles, and thus the more
easily the coke particles break to generate more particulate
matter. By comparing the proximate analysis results of the three
ranks of coal (see Table 1), the volatile matter content of lignite
is higher than that of bituminous coal, while the emission factors
of lignite for PM1, PM2.5, and PM10 are lower than those of
bituminous coal. This suggests that although the volatile matter

https://doi.org/10.1021/acsomega.2c05080
ACS Omega 2022, 7, 37922-37932
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Figure 4. Emission factors of particulate matter with different particle size ranges for the pulverized coals burning at different temperatures.

promotes the generation of particulate matter to a certain extent,
itis not the leading factor that determines the emission factors of
submicron to micron particulate matter (PM1, PM2.5, and
PM10) released during coal burning. Through the above
analysis of the combustion of pulverized coal, it is concluded that
the emission of particulate matter under the condition of
fluidized bed is the result of the comprehensive action of
pulverized coal characteristics and combustion conditions.

3.2. Influence of Burning Temperature on the
Submicron to Micron Particulate Matter Emission
Factors. Figure 4 displays the emission factors of particulate
matter in different particle size ranges for the pulverized coal
burning at different temperatures. With the rise of burning
temperature, the emission factors of all three ranks of coal show
an upward trend, except those of lignite and bituminous coal
which fall in the range of 0.056—0.32 ym. In addition, with the
rise of burning temperature, the peak values of emission factors
in the submicron area for lignite and bituminous coal first
decrease then increase, and for all three coals, the particle sizes
corresponding to the emission peak values in the micron area
gradually shift to smaller particle size range. The two peak values
change because lignite and bituminous coal have high volatile
matter contents (see Table 1) which can produce a large amount
of coal tar in the pyrolysis process.”’ At a low burning
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temperature, coal tar may be gasified into flue gas without
being completely burned. As the ambient temperature drops, the
flue gas will condense into submicron aerosols. During this
experiment at 700 °C, particulate matter released from lignite
and bituminous coal combustion is collected on the filter
membrane, and a certain amount of yellow viscous oil matter,
namely, coal tar particles, are visible. These coal tar particles are
mainly distributed on the 10th filter membrane, resulting in the
large peak values of emission factors in the range of 0.1—0.18 um
for lignite and bituminous coal. However, with the rise of
burning temperature, the amount of incompletely combusted
coal tar dwindles, and submicron coal tar particles are reduced
(at 800 °C, almost no coal tar particles collected on the filter
membrane), leading to a significant decrease in the peak values
of emission factors in the submicron area for lignite and
bituminous coal. As the combustion temperature increases from
800 to 900 °C, the inorganic substances in pulverized coal that
vaporize and condense increases, and the released micron-sized
particulate matter increases, leading to an increase in the peak
emission factors in the submicron for lignite and bituminous
coal. With the increase of combustion temperature, the thermal
stress on coke particles increases and intensifies the collision
between coke particles, thus the breakage of coke particles
becomes more severe and the generated and released smaller

https://doi.org/10.1021/acsomega.2c05080
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Table 2. PM1/PM2.5, PM1/PM10, and PM2.5/PM10 of Particulate Matter Released from the Pulverized Coals Burning at

Different Temperatures

coal sample temp (PM1/PM2.5)% (PM1/PM10)% (PM2.5/PM10)%
<75 pum lignite 700 °C 60.8 38.4 64.7
800 °C 58.0 32.6 62.1
900 °C 54.9 343 63.3
180—830 um lignite 700 °C 59.4 32.6 63.6
800 °C 52.5 33.1 59.4
900 °C 54.2 31.8 62.6
<75 pm bituminous 700 °C 512 32.8 64.1
800 °C 46.1 333 72.2
900 °C 49.7 36.2 72.9
180—830 ym bituminous 700 °C 58.8 30.9 52.5
800 °C 58.4 29.8 51.0
900 °C 46.2 30.0 56.2
<75 pm anthracite 700 °C 60.0 384 63.8
800 °C 572 43.1 75.5
900 °C 52.4 38.8 74.2
180—830 um anthracite 700 °C 56.6 37.2 65.6
800 °C 50.8 31.9 62.7
900 °C 52.3 35.9 68.5
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. . . 31,32 . . . .
size particles increases, resulting in the particle size

corresponding to the peak value of emission factors in the
micron area shifts to a small particle size range.

Figure S presents the emission factors of PM1, PM2.5, and
PM10 for the pulverized coal burning at different temperatures.
As can be seen, under the fluidized bed condition, PM1, PM2.5
of lignite and PM1 of bituminous coal all decrease first and then
increase with the increase of temperature. PM10 of lignite,
PM2.5, PM10 of bituminous coal and PM1, PM2.5, PM10 of
anthracite all increase with the increase of temperature.
However, through the combustion of pulverized coal in
pulverized coal boiler at temperature range of 900—1100 °C,
Seames etal.'” and Zhang et al.*® found that, with the increase of
combustion temperature, the evaporation rate of inorganic
matters in pulverized coal increased, and more submicron
particles PM1 were generated. By comparison, it can be seen that
the influence of combustion temperature on particle emission of
fluidized bed is partially different from that of pulverized coal
boiler, and the difference is mainly caused by the influence of
combustion temperature on the generation of submicron
particles. The combustion temperature range of the fluidized
bed is 700—1000 °C, and when pulverized coal was burnt at 700
°C, lignite and bituminous coal with high volatile matter
contents (see Table 1) would produced submicron coal tar
particles during the combustion process. By checking the filter
membrane after sampling, it was found that the amount of
submicron coal tar particles accounted for the vast majority of
PM1. As the burning temperature increased, on the one hand,
the evaporation rate of inorganics in coal accelerates, and the
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generated PM1 increases, on the other hand, submicron coal tar
particles decrease with the rise of temperature, and the reduction
of PM1 is more than the increment, resulting in the decrease of
the total production of PM1 with the increase of combustion
temperature. However, the volatile matter content of anthracite
is low, and coal tar particles are not generated in the combustion
process. As the burning temperature rises, the evaporation rate
of inorganics in anthracite accelerates, and more submicron
particles are produced, which leads to an increase in the PM1
emission factors of anthracite.

PM1/PM2.5, PM1/PM10, and PM2.5/PM10 in particulate
matter released from coal burning at different temperatures are
listed in Table 2. As can be seen, the PM1/PM2.5, PM1/PM10,
and PM2.5/PM10 for all three coals lie in 46.1—60.8%, 29.8—
43.1%, and 51.0—75.5%, respectively, suggesting that, during the
combustion process of either lignite, bituminous coal, or
anthracite, the released PM1 accounts for a half and one-third
of the PM2.5 and PM10, respectively, and the released PM2.5
accounts for about half of the PM10. In addition, it is found that,
with the increase of combustion temperature, released PM1/
PM2.5, PM1/PM10, and PM2.5/PM10 for the three coal
samples decrease, which agrees with the finding of Lv and Li'”
on coal combustion in a pulverized coal boiler (900—1100 °C).
However, the reasons for the decrease of PM1/PM2.5, PM1/
PM10, and PM2.5/PM10 are different. In the fluidized bed, with
the increase of temperature, the incomplete combustion of coal
tar is reduced, and the submicron coal tar particles produced are
also reduced, while the amount of micron particles increases
with the increase of temperature, resulting in the decrease of
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PM1/PM2.5,PM1/PM10, and PM 2.5/PM 10 with the increase
of temperature. In a pulverized coal fired boiler, with the increase
of temperature, submicron particles easily adhere to the surface
of large particles and agglomerate, which reduces the amount of
submicron particles and increases the amount of micron
particles. Finally, PM1/PM2.5, PM1/PM10, and PM 2.5/PM
10 also decrease with the increase of temperature.

3.3. Influence of Burned Coal Particle Size on the
Submicron To Micron Particulate Matter Emission
Factors. Figure 6 presents the emission factors of particulate
matter in different particle size ranges released from the
combustion of pulverized coal with different particle sizes. The
emission factors in all particle size ranges for the combustion of
<75 um pulverized coal are notably higher than those of 180—
830 um. In addition, with the decrease of particle size of
pulverized coal, the peak values of emission factors in the
submicron area for lignite and bituminous coal decrease, and the
peak values of emission factors in the micron area for lignite,
bituminous coal and anthracite gradually occur in a smaller
particle size range. The main reason may be that with the
decrease of particle size, the pulverized coal combusts more
completely, and fewer coal tar particles are released. As a result,
the peak values of particulate matter in the submicron area
released from the combustion of lignite and bituminous coal
drop. Moreover, the smaller particle size of combusted
pulverized coal causes a decline of average particle size of
minerals in pulverized coal. Under the same combustion
condition, the particle size of produced particulate matter
dwindles accordingly, so that the peak value of emission factors
in the micron area deviates to a small particle size range.

Figure 7 shows the emission factors of PM1, PM2.5, and
PM10 released from the combustion of pulverized coal with
different particle sizes. The three ranks of coal samples
demonstrate the same rule at three different temperatures;
that is, when the pulverized coal is finer, more PM1, PM2.5, and
PM10 are released from the complete combustion. It can be seen
that, under the condition of fluidized bed, the finer the
pulverized coal is burned, the more submicron to micron
particles will be released by complete coal combustion, and the
greater the harm to the environment. This rule is the same as the
influence of pulverized coal particle size on particle emission of
pulverized coal boiler.””** There are two main reasons for this:
(1) The smaller the particle size of pulverized coal is, the larger
the specific surface area is, and the lower the ignition
temperature is, thus the more intense the combustion is. This
increases the amount of gasification of inorganic elements and
hence cause an increase in submicron particulate matter. (2)
With the decrease of the particle size of pulverized coal, some of
the internal minerals in the coal particles are converted into
external minerals, and during the fluidized bed combustion
process, the external minerals can be directly converted into
micron sized particles, increasing the generation of micron sized
particles.

Table 3 displays PM1/PM2.5, PM1/PM10 and PM2.5/
PM10 in particulate matter released from the combustion of
pulverized coal with different particle sizes. As can be seen, with
the decrease of particle size of pulverized coal, PM1/PM2.5,
PM1/PM10, and PM2.5/PM10 for all three ranks of coal
increase. The main reasons are as follows: on the one hand, the
reduction of particle size of pulverized coal leads to more intense
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Table 3. PM1/PM2.5, PM1/PM10, and PM2.5/PM10 of
Particulate Matter Released from the Combustion of
Pulverized Coal with Different Particle Sizes

different-sized coal (PM1/ (PM1/ (PM2.5/
temp samples PM2.5)% PM10)% PM10)%
700 °C <75 um lignite 60.8 38.4 64.7
180—830 um lignite 59.4 32.6 63.6
800 °C <75 um lignite 58.0 32.6 62.1
180—830 pm lignite 52.5 33.1 59.4
900 °C <75 pum lignite 54.9 343 63.3
180—830 ym lignite 54.2 31.8 62.6
700 °C <75 pm bituminous S51.2 32.8 64.1
180—830 um 58.8 30.9 52.5
bituminous
800 °C <75 pm bituminous 46.1 333 722
180—830 um 58.4 29.8 S1.0
bituminous
900 °C <75 pm bituminous 49.7 36.2 72.9
180—830 um 46.2 30.0 56.2
bituminous
700 °C <75 pm anthracite 60.2 38.4 63.8
180—830 um 56.6 37.2 65.6
anthracite
800 °C <75 um anthracite 57.2 43.1 75.5
180—830 um 50.8 31.9 62.7
anthracite
900 °C <75 pm anthracite 52.4 38.8 74.2
180—830 um 52.3 35.9 68.5
anthracite

combustion. As a result, the evaporation rate of inorganics in
pulverized coal accelerates and more submicron particulate
matter (PM1) is produced. On the other hand, under the same
combustion conditions, the particle size range of particulate
matter produced by small particle-sized pulverized coal
correspondingly narrows. Under the combined action of these
two conditions, the values of PM1/PM2.5, PM1/PM10, and
PM2.5/PM10 of lignite, bituminous coal, and anthracite
increase with the decrease of combusted coal size.

It is well-known that the smaller the particle size of pulverized
coal is, the more intense the combustion becomes, the less the
loss of incomplete combustion is, and the higher the combustion
efficiency of the fluidized bed boiler is. However, this study
reveals that the amounts of both submicron and micron
particulate matter released from the combustion of finer
pulverized coal grow significantly. Such particulate matter is
often difficult to be captured and purified due to their small
particle size. Moreover, their larger specific surface area can
absorb more heavy metal elements, causing greater harm to the
human body and the environment.*>”° Therefore, when
choosing the particle size of pulverized coal for the fluidized
bed boilers, both economic benefits and environmental hazards
should be considered, so as to seek the optimal pulverized-coal
particle size.

4. CONCLUSIONS

(1) Under the same mass, the combustion of bituminous coal
releases the most submicron to micron particulate matter,
followed by those of lignite and anthracite. The emission
factors of PM1, PM2.5, and PM10 of bituminous coal are
2.55—4.08, 2.68—3.99, and 2.74—4.23 times those of
anthracite, and the emission factors of lignite are 1.27—
2.60, 1.38—2.42, and 1.67—2.54 times those of anthracite.
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(2) Particulate matter with different particle sizes released
from the combustion of lignite and bituminous coal
presents a bimodal distribution, with the two peak values
occurring in the ranges of 0.1—0.18 and 3.2—10 um,
respectively. In addition, with the rise of burning
temperature and the decrease of particle size of pulverized
coal, the first peak value goes down and the second peak
value shifts to a small particle size range.

With the rise of burning temperature, the formation

amounts of PM1, PM2.5 of lignite and PM1 of

bituminous coal first decrease and then increase, while
those of PM10 of lignite, PM2.5 and PM10 of bituminous
coal, and PM1, PM2.5 and PM10 of anthracite increase.

The values of PM1/PM2.5, PM1/PM10, and PM2.5/

PM10 in particulate matter released by the combustion of

lignite, bituminous coal, and anthracite all drop with the

rise of burning temperature.

(4) A smaller particle size of pulverized coal corresponds to
the generation of more PM1, PM2.5, and PMIO0.
Additionally, PM1/PM2.5, PM1/PM10, and PM2.5/
PM10 for lignite, bituminous coal and anthracite all go up
with the decrease of particle size of pulverized coal.

(5) During the combustion process of either lignite,
bituminous coal, or anthracite, the released PM1 accounts
for half and one-third of the PM2.5 and PMI0,
respectively, and the released PM2.5 accounts for about
half of the PM10.

3)
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