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Abstract: Enrichment of typical toxic trace elements As on PM2.5 was investigated through bench scale experiments. Results showed
that the vaporization of arsenic in pyrite was easier than in arsenate form. Along with increasing temperature from 1100℃ to
1400℃, arsenic content in PM2.5 increased from 0.09 mg/Nm3 to 0.35 mg/Nm3. Then, a novel Electrostatic precipitators (ESPs)
combined with chemical agglomeration technique was developed to control the emission of PM2.5 and toxic trace elements. PM2.5
enriched toxic trace elements are agglomerated by some new chemical agents injected as an aqueous solution upstream of ESPs
and come into being conglomerations which can be captured by ESPs easily. Systematic experiments of PM2.5 agglomeration
showed that chemical agglomeration was a useful method to promote growing up process of submicron particles, XTG was the
most effective agglomerant. Resistivity tests revealed that agglomerants could make fly ash resistivity two orders lower at certain
concentration, would improve the performance of ESPs with resistivity related performance problems.
Keywords: Submicron particles, Toxic trace elements, Electrostatic precipitators, Agglomeration, Resistivity

1

INTRODUCTION
China is the world’s largest coal producer and consumer.
The environmental problems related with coal combustion
have become serious. In china, particle matter is the chief
contamination in the urban atmosphere, and 90% of them
come from coal combustion. Although the total efficiency of
exist dedusting units are as high as 99%, there are still many
submicron particles emit into the atmosphere, for submicron
particles can escape the dedusting units more easily. Submicron
particles escaped from dedusting units always enriched in
some toxic trace elements (Hg, As, Se, Pb, Cd, and Cr) have
done great harm to human health [1-5]. Because of their tiny
size, light weight and enormous number, conventional ways
used to control submicron particles exhibited little effect, set
pretreatment stage before conventional dedusting units has
become a hot topic. Many physical methods (acoustic agglomeration[6, 7], optic agglomeration [8], electric agglomeration
[9, 10], magnetic agglomeration[11], thermal agglomeration
[12], and phase transition agglomeration) have been used to
promote fine particle agglomeration. These technologies all
have some defect s[13], it is difficult to apply them in largescale. In chemical agglomeration process, chemical agglomeration agents are sprayed into the flue before ESPs to
accelerate agglomeration between submicron particles. The
chemical agglomeration technology whose cost is cheaper can
control the emissions of submicron particles and remove toxic
trace elements simultaneously without changing the operation
parameters of the ESPs. This particle agglomeration technique
is a useful and promising method to control the emission of
submicron particles from coal combustion.
In this paper, the enrichment of As in PM2.5 has been
0B

H

H

H

H

H

H

investigated through bench scale experiments, influence of
combustion temperature and occurrences of As in coal were
analyzed. Then, a novel technique was developed to control
the emission of PM2.5 and toxic trace elements. Systematic
experiments of PM2.5 agglomeration were conducted on a
homemade bench, the influencing factors include agent types,
temperature were analyzed. Finally, DR electrical resistivity
test instrument was used to evaluate regulatory effect of
chemical agglomeration agents on fly ash resistivity.
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2 ENRICHMENT AND EMISSION OF ARSENIC IN
SUBMICRON PARTICLES
Coal combustion experiments were carried on a
laboratory-scale drop tube furnace[14]. Coal samples were
grinded mechanically to make sure the particle size is less
than 74μm, and the samples were dried at 105
at least 2
hours to remove external water. The reaction temperature
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varied from 1100 ℃ to 1400 ℃. The raw coal at a feeding
rate about 0.2 g/min was entrained by air into the furnace, and
a mixture of N2 and O2 gases was used as the combustion
atmosphere. Oxygen content was 20% being balance. The
total gas flow rate was 10L/min. The residence time of the
particles in the tube was about 2 second. Under given
conditions, all the coals burnt completely. The fly ash was
collected by cyclones having a cut-off size around 10.0 μm,
and directed to a low pressure impactor (LPI) for a
size-segregated collection. The LPI used here was consisted
of thirteen collection stages designed to collect particles of
decreasing size as follows: 9.8, 6.6, 3.95, 2.36, 1.58, 0.936,
0.605, 0.377, 0.258, 0.154, 0.0944, 0.0565 and 0.0281 (50%
aerodynamic cutoff diameter – in μm). Each stage was
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Em = ∑Mi × Ci
E c = Em / V

react, and be assimilated as arsenate in the aluminosilicate fly
ash particles [19]. This is the dominant reason for the
emission difference.
1.2
LT-K2

PDS

1
Concentration(mg/Nm-3)

composed of a filter above a substrate and a substrate holder.
By the size-segregated collection using LPI, both the
concentration of PM10 and its particle size distribution were
obtained simultaneously. X-ray fluorescence spectrometry
(XRF) was used to determine the major oxides in the PM10.
To quantify the emission of arsenic, the emission
concentration is calculated as follows:
(1)
(2)

where, Em is the emitted amount of As; Ec is the As
concentration in the emission; Mi is the mass in size fraction i;
Ci is the arsenic concentration in size fraction i; V is the total
volume of flue gas.
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3 EFFECT OF COMBUSTION TEMPERATURE ON
ARSENIC EMISSION
The emission of arsenic in different temperature is
shown in Fig.1. Along with increasing temperature from 1100
to 1400 , the emission of arsenic in PM1 increases from
0.07 mg/Nm3 to 0.25 mg/Nm3, the emission of arsenic in
PM2.5 increases from 0.09 mg/Nm3 to 0.35 mg/Nm3 and the
emission of arsenic in PM10 increases from 0.18 mg/Nm3 to
1.03 mg/Nm3. This result is caused by two reasons, one is the
amount of total PM increased by temperature increase, and
the other is that much more arsenic vapor condensed and
reacted on the PM surface at high temperature.
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Fig. 2 The emission of arsenic within PM from different coals
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AGGLOMERATION OF SUBMICRON PARTICLES
Pretreatment stage before ESPs can help ESPs to remove
PM2.5. Hence, it has become a hot topic in dedust researches.
Some physical or chemical means are adopted in pretreatment
stage to promote submicron particles growing up. As acoustic,
optic, electric, magnetic, thermal, and phase transition means
are defective, we developed a new chemical agglomeration
method to promote agglomeration between submicron
particles[20,21]. The schematic diagram of this new method
is shown in Fig. 3. PM2.5 are agglomerated by agglomerants
sprayed into the flue before ESPs. The resistivity of particles
is regulated by agglomerants simultaneously. In this way, the
operational conditions of ESPs can be optimized, the
efficiency of ESPs removing submicron particles can equal to
bag filter , and even exceed bag filter. The ESPs combined
with chemical agglomeration way whose cost is cheaper can
control the emissions of submicron particles and can remove
toxic trace elements simultaneously without changing running
operation of boilers and dedusting units. It is a useful and
promising method to control the emission of submicron
particles from coal combustion.
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Fig. 1 The emission of arsenic within PM at different
temperatures
4 EFFECT OF OCCURRENCE MODE ON ARSENIC
EMISSION

6B

As shown in Fig. 2, although the arsenic content in two
coals is equal, but the emission during coal combustion varies
greatly. Arsenic in LT-K2 lignite mainly occurs as a
substitution element for sulfur in pyrite, while present in
oxidized form as arsenate minerals in mixed PDS bituminous
coal[15]. Some laboratory studies have suggested that the
behavior of arsenic during combustion will be determined by
the occurrence mode of arsenic in coal[16-18]. The former
mode might experience explosive volatilization, in which
most of the arsenic will be volatilized, either as arsenic vapor
or as fine-particle arsenic oxide, and the latter mode will fuse,

Fig. 3

Schematic diagram of ESPs combined with chemical
agglomeration method
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Systematic experiments of PM2.5 agglomeration are
conducted on a homemade bench, the influencing factors
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include agent types and temperature are analyzed. The
experimental bench and detailed operational conditions are
the same as described in literature 20.
6
AGGLOMERATION EFFECT OF DIFFERENT
AGGLOMERANTS
Four different agglomerants solutions and water were
injected into the simulated flue gas to evaluate the agglomeration
efficiency. The different molecular chain structures of
agglomerants result the significant difference in agglomeration
rates (Fig. 4). The particles concentration at the outlet of dust
collecting equipment was about 480.8 mg/m3 without the
addition of agglomerants. With the addition of agglomerant
solution, the particle emission concentration in flue gas
decreased significantly. The agglomeration efficiency of XTG
agglomerant was the highest, after the injection of XTG
solution, the outlet particle concentration decreased to 262.3
mg/m3. This is because XTG’s molecular weight is moderate ,
molecular chain is linear structure , it has higher flexibility
and can agglomerate submicron particles more effective ly.
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Fig. 5 The influence of temperature on the agglomeration
dedusting unit reduces. Especially, when temperature increase
from 200 to 230 , dust concentration decreases obviously.
This result may caused by two reasons, one is the wetting
ability and adsorption activity increased with temperature
increase, and the other is that agglomerants are more flexible
at higher temperature.
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8 INFLUENCE OF AGGLOMERANTS ON FLY ASH
RESISTIVITY
Four different agglomerant additives were blended with
fly ash into a mixture to evaluate their regulatory effect on fly
ash resistivity. A DR dust electrical resistivity test instrument
was used to test the resistivity of the mixture. The results are
shown in Fig. 6, the ordinate is logarithm of resistivity, and
the abscissa is concentration of additives. As shown in Fig.6,
fly ash resistivity decreased swiftly with increasing additive
concentration, while changed slightly once additive
concentration up to 1%. Additive 3 can decrease fly ash
resistivity effectively when additive concentration is less than
1%, it can decrease fly ash resistivity from 1011.25 Ω·cm to
109.18 Ω·cm with the concentration increasing from 0 to 1%.
But when additive concentration is more than 2% additive 1
shows the best effect, it can decrease fly ash resistivity from
1011.25 Ω·cm to 108.77 Ω·cm with the concentration increasing
from 0 to 4%.
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7 INFLUENCE OF TEMPERATURE ON AGGLOMERATION
Temperature in agglomeration chamber showed significant influence on submicron particles agglomeration. Changing
temperature in agglomeration chamber, maintain ing other
operation conditions of agglomeration such as agglomerants
types, flow rate , concentration stable, the influence of temperature was studied. As shown in Fig.5, along with increasing
temperature from 180 to 230 , dust concentration after
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Fig. 4 The agglomeration effect of different agglomerants
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Fig. 6 Resistivity of fly ash mixed with different
agglomerants additives

Fig.6
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CONCLUSIONS
(1) The emission of arsenic in submicron particles is
influenced by the occurrence mode of As in coal and the
temperature during coal combustion. The vaporization of
arsenic in pyrite is easier than in arsenate form. Along with
increasing temperature from 1100
to 1400 , arsenic
content in PM2.5 increased from 0.09 mg/Nm3 to 0.35mg/Nm3.
The emission of arsenic within PM2.5 was high without any
control devices, which would cause great harm to human
health.
(2) Chemical agglomeration is a useful method to
promote growing up process of submicron particles. Submicron
particles can be agglomerated by XTG agglomerant
effective ly. Along with increasing temperature from 180 to
230 , dust concentration after dedusting unit reduces.
(3) Agglomerants can make fly ash resistivity two orders
lower at certain concentration. These agglomerants will
improve the performance of ESPs with resistivity related
performance problems.
(4) The ESPs combined with chemical agglomeration
way whose cost is cheaper can control the emissions of
submicron particles and can remove various pollutants
simultaneously without changing running operation of boilers
and dedusting units. It is a useful and promising method to
control the emission of submicron particles and toxic trace
elements from coal combustion.
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