
30 Pol. J. Chem. Tech., Vol. 24, No. 4, 2022

Experimental research on the volatilization and condensation of 
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In this paper, the research progress of ammonium bisulfate (ABS) volatilization in coal-fi red power plants the 
SCR denitrifi cation process was reviewed. Combination with self-made experiments, SEM, fl ue gas analyzer and 
TG-DTG curves of ABS and ion chromatography. The volatilization and condensation characteristics of ABS 
were investigated carefully. Results show that as the temperature increased by 50 oC, the ABS/AS volatilization 
rate increased by an order of magnitude. The decomposition process of ABS should have a two-step reaction. The 
reaction in the initial volatiliza-tion stage is ABS dehydration turned into (NH4)2S2O7. The reaction in the rapid 
volat-ilization stage is (NH4)2S2O7 decomposed into NH3, N2, SO2 and H2O. There is an inter-section in the reac-
tion temperature range (especially 300 oC) between the two-step re-action. This research provides an experimental 
basis for temperature control of ABS to avoid air pre-heater fouling.
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INTRODUCTION

According to the requirements of the national envi-
ronmental protection policy, the”ultra-low emission” 
technical transformation has been fully implemented 
in coal-fi red power plants of China. After the technical 
transformation, the concentration of nitrogen oxides 
(NOX) emitted is limited at 50 mg/m3. The denitrifi cation 
transformation technology is mainly focused on impro-
ving the effi ciency of the selective catalytic reduction 
(SCR) denitrifi cation system. The main technologies 
include the addition of catalyst bed, the optimization of 
ammonia injection system and so on1. Commercial SCR 
catalysts contain 0.5 to 4.0 wt% V2O5,   which can oxidize 
some of the SO2 (0.75 %~1.5 %) in the fl ue gas into 
SO3

2–3. For component-determined catalyst, the increase 
of catalyst makes the concentration of SO3 in fl ue gas 
increase. Ammonia escape is serious when the quantity 
of ammonia injection increases, boiler load changes and 
operation at low load. SO3, NH3 and H2O in the fl ue 
gas react each other as follows4–7:
NH3 + SO3 + H2O ® NH4HSO4 (1)
2NH3 + SO3 + H2O ® (NH4)2SO4 (2)
H2SO4 + NH3 ® NH4HSO4 (3)
SO3 + H2O ® H2SO4 (4)

Therefore, two new substances, ammonium sulfate 
((NH4)2SO4, AS)and ammonium bisulfate (NH4HSO4, 
ABS), are formed in the fl ue gas8–9. While increasing 
the NOX removal effi ciency in coal-fi red power plants, 
the AS and ABS content in the fl ue gas will increase 
signifi cantly. In general, the melting point of AS is 
513 oC10, at this temperature, AS can decompose into 
ABS easily. the melting point of ABS is 147 oC and the 
boiling point is 350 oC. Traditional design temperature 
range of the cold end and intermediate layer of the air 
preheater in SCR downstream is around 120–230 oC11. 
In this temperature range, ABS is in liquid-solid phase 
conversion process. Liquid phase ABS has high viscosi-

ty, strong hygroscopicity and strong corrosivity. A large 
amount of fl y ash in the fl ue gas is adsorbed by the 
liquid phase ammonium bisulfate, then bonded to the 
surface of heat exchange element of the air preheater, 
fi nally foul on the metal wall or stuck in the middle 
o  f interlayers12–13, cau  sing a series of problems in the 
air preheater, such as corrosion, clogging, decrease of 
cross-sectional area of fl ue gas fl ow, increase of running 
resistance, reduction of heat transfer effi ciency, etc14–18. 
In recent years, Air   preheater fouling has often occurred, 
and these problems will lead to reduced boiler effi ciency, 
stall of induction fan, and negative pressure sloshing in 
boilers. Which seriously affects the safety and economic 
operation in coal-fi red power plants. 

Domestic and foreign scholars have carried out a lot 
of research on the formation and deposition of ABS 
in SCR denitrifi cation syste m and air preheater4, 19–22, 
The  formation mechanism and deposition law of ABS 
were basically clarifi ed, the infl uence of catalyst  on 
the formation and deposition of ABS in SCR deni-
trifi cation system was discussed. Commercial V-based 
catalysts can increase the conversion of SO2 to SO3 in 
the fl ue gas, thereby enhancing the formation of ABS. 
The ABS deposited on the catalyst surface will cause 
catalyst deactivation and reduce the SCR denitration 
effi ciency23. Based on earlier research2, 24–25, the  author 
further studied the reaction characteristics of fl y ash in 
ABS and the corrosion characteristics of A  BS on the 
metal material of boiler tail26–27. At present, coal-fi red 
power plants have made many practical improvements 
to solve the fouling problem of air preheaters caused 
by ABS. Such as improving the heat exchange material 
of the air preheater, increasing the steam pressure and 
cleaning frequency of the air preheater. Optimize the 
ammonia injection system of the air preheater, and apply 
reasonable soot blowing methods for the air preheater 
such as high-pressure water washing, steam soot blowing, 
and sonic soot blowing. Although these methods allevia-
te the problems caused by fouling of the air preheater 
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to a certain extent but cannot fundamentally solve the 
deposition and fouling of ABS on the air preheater.

At present, there is no better way to avoid the deposi-
tion and corrosion of ABS in the air preheater. Therefore, 
studying the decomposition and volatilization process of 
ABS can clarify the reaction temperature, and mecha-
nism of ABS decomposition and volatilization. Starting 
from temperature control is also one of the research 
ideas to solve the problem of air preheater fouling. Li 
Jinghua et al.28 studied the thermal decomposition cha-
racteristics of pure ABS earlier from the perspective of 
chemical energy storage. In this study, by analyzing the 
Arrhenius parameters, the kinetic compensation number, 
and the reaction rate constant (k value) derived from 
the isothermal method and the compensation law, ABS 
was considered to have a decomposition temperature 
above 345 oC, and the thermal decomposition mecha-
nism was one-dimensional phase boundary reaction. Shi 
Yajuan et al.4 believed that the thermal decomposition 
characteristics of pure ABS and ABS deposited on the 
catalyst were different signifi cantly. Deamination and 
SO2 release tend to occur simultaneously during the 
decomposition of pure ABS. However, when the ABS 
is decomposed on the catalyst, the temperature windows 
of deamination and SO2 release are inconsistent and the 
two processes occur step by step. Zhu et al.22 found that 
the decomposition of pure ABS starts at 390 oC, and 
the decomposition rate reaches the maximum at 490 oC. 
It was found that different catalyst supports have diffe-
rent effects on the ABS decomposition reaction on the 
catalyst surface. Shu Hang et al23 found that NO can 
reduce the temper  ature window of ABS decomposition 
by directly reacting with NH4

+ in ABS to promote its 
decomposition behavior on the catalyst surface. The 
removal of NO and the formation of ABS are mutually 
inhibiting relationships. Urano29 and Fan et al30 studied 
the thermal decomposition process of AS. The results 
show that AS thermal decomposition is divided into 
three steps. First, AS deamination produces ABS, then 
ABS loses water to form ammonium pyrosulfate, and 
fi nally, ammonium pyrophosphate further decomposes. 
The decomposition process of ABS is uniform weight 
loss, and the temperature range is around 308–330 oC.

In summary, studying the decomposition and volati-
lization behavior of ABS by temperature regulation  is 
another way to solve the ABS deposition problem in air 
preheaters. But there are several different understandings 
about the thermal decomposition process and thermal 
decomposition temperature of ABS. Therefore, deter-
mining ABS volatilization process, temperature window 

and related infl uencing factors are the prerequisites for 
temperature control to prevent the deposition of ABS 
in air preheater. 

In this paper, the effects of different temperatures 
and fl y ash ratios on the volatilization characteristics 
of ABS were investigated through the self-built ABS 
volatilization and condensation test bench. Flue gas 
analyzer, Scanning electron microscope (SEM), Thermo-
gravimetric-Derivative Thermogravimetry (TG-DTG) and 
Differential Scanning Calorimetry (DSC) were combined 
to explore the mechanism of ABS volatilization process. 
The research provides theoretical support for the use of 
temperature control methods to prevent ABS deposition 
in air preheaters.

EXPERIMENTS

Experimental device and instrument
Pure ABS volatilization and condensation experimental 

system are shown in Fig. 1. The sample that need to be 
tested was placed in a constant high temperature zone 
heated by a fully automatic industrial analyzer. It can be 
used for online monitoring. The weight of the sample 
(AS, ABS and ABS samples prepared on demand) was 
measured and recorded continuously. The mixed gas 
prepared from high purity N2 and O2 was preheated 
through a heating tube and then passed to the analyzer. 
Under the purging of N2 and O2 atmosphere, the internal 
and external diffusion during the volatilization of ABS 
is closer to the actual situation. The gaseous product 
produced by volatilization of the sample was fi rst cooled 
by a condenser, and then pumped to the washing bottle 
for absorption by a vacuum pump placed at the end of 
the experimental system. The condenser and washing 
bottle were placed in a constant temperature water bath 
(30 oC) to maintain a stable condensation absorption 
temperature. The dynamic balance between intake and 
vacuum pump exhaust was maintained by adjusting the 
fl ow meter. The concentration of SO4

2– in the conden-
sation product was detected by ion chromatography. 
The concentration of NH4

+ in the condensed product 
was measured by ammonium ion concentration meter.

Experimental method
The experimental atmosphere was 79% N2 and 21% 

O2, and the total fl ow rate was controlled at 1 L/min. 
The experimental system was adjusted to a dynamic 
equilibrium before the analyzer was heated to the desired 
temperature and kept constant. The high temperature 

Figure 1. ABS volatilization and condensation experiment system
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zone of the analyzer should be controlled at 200–450 oC, 
and the temperature interval was     50 oC. The sample 
tray was moved to   the high temperature zone of the 
analyzer for sample volatilization experiments after the 
sample was placed in the sample tray through injection 
port. The sample quality was recorded according to the 
experimental requirements. In the condensing system, 
300 ml ultrapure water was used in the washing bottle to 
absorb the vaporized gaseous product. At the end of the 
experiment, the condensation products in the condenser 
were washed with ultrapure water to the volume of 300 
ml. Finally, the concentration of the absorbed product 
was measured.

ABS, AS volatilization rate is defi ned as the amount of 
change in ABS and AS mass per unit time expressed as 
Δν = Δm/Δt. Where ν represents the volatilization rate; 
Δt represents the time interval between two consecutive 
weighings of the sample. Δm represents the mass change 
of the sample within the time interval Δt. The rate of 
volatilization of a certain Δt is indicated at the end of 
the time interval in Fig. 2.

ABS Characterization
1) The surface morphology of ABS samples was me-

asured by SEM. 
2) The analytically pure ABS sample was dried in 

a vacuum drying oven at 50 oC for 1 h before repeatedly 
ground. Thermogravimetric analysis was performed on 
thermogravimetric analyzer. The nitrogen atmosphere 
is at a fl ow rate of 20 ml/min. The sample was heated 
at a temperature range of 50–800 oC, the rise rate was 
10 oC/min. Finally, a TG curve, a differential curve DTG 
and a DSC curve refl ecting the relationship between 
the percentage of weight loss of ABS and temperature 
were obtained.

Equipment used in the experiment
The equipment used in the experiment is shown in 

Table 1.

RESULTS

 Volatilization of ABS and AS at different temperatures
Firstly, 1.4 g pure ABS and AS samples were prepared 

separately. The volatilization experiment of ABS and AS 

Figure 2. ABS volatilization rate curve at different temperatures

Table 1. The equipment parameters
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was conducted at 200–450 oC to detect the volatilization 
rate. Results are shown in Fig. 2 and Fig. 3.

As   can be seen from Fig. 2, t   he volatilization of ABS 
at 350–450 oC has a law that the volatilization rate fi rst 
rises and then reaches the maximum volatilization rate, 
and fi nally remains stable. The higher the temperature, 
the shorter the time required for the volatilization rate to 
rise to maximum. The volatilization of ABS at 200–300 oC 
has a law that the volatilization rate fi rst rises to a ma-
ximum value and then the volatilization rate decre  ases 
to a minimum value, and fi nally remains stable. When   
the temperature is 450 oC, 400 oC, 350 oC, ABS can be 
completely volatilized in 11 min, 23 min, 88 min. This 
fi nding proves that the decomposition temperature of 
ABS starts from around 200 oC. Compared with refe-
rences 22 and 28, the initial decomposition temperature 
of ABS is reduced by about 150 oC to 200 oC.The ave-
rage volatilization rate of ABS is 0.127 g/min, 0.058 g/
min, 0.016 g/min. When the temperature is 300 oC, 
250 oC, 200 oC, ABS cannot be completely volatilized 
within 280min, the average volatilization rate of ABS is 
0.397 x 10–2g/min, 0.644 x 10–3g/min, 0.549 x 10–4g/min. 
As the tempe  rature increases (at 50 oC intervals), the 
ABS volatilization rate shows an order of magnitude 
increase. It can be considered that the phase transition 
process of ABS from solid phase to liquid phase and the 
volatilization process of ABS occur in the rising stage 
of ABS volatilization rate. At high temperatures (above 
300 oC), ABS volatilization may involve two processes, 
ABS volatilization and ABS decomposition, so in the high 

temperature section, the ABS volatilization rate can be 
kept constant after rising to the highest point. At low 
temperature (below 300 oC), the decomposition reaction 
of ABS may not be complete. The ABS volatilization after 
ABS phase change and the fi rst decomposition reaction 
of ABS lead to the ABS volatilization rate rising fi rst to 
the maximum volatilization rate. Since the product after 
the fi rst decomposition of ABS is no longer decomposed, 
only the ABS volatilization exists fi nally. Therefore, the 
volatilization rate of ABS begins to decrease, and after 
decreasing to a certain value, the volatilization rate of 
ABS keep constant. The volatilization of ABS at 300 oC 
may have the volatilization characteristics of both the high 
temperature section and the low temperature section.

As can be seen from  Fig. 3, the volatilization rate of 
AS is slightly higher than the ABS volatilization rate at 
the same temperature. When the temperature is 450 oC, 
400 oC, 350 oC, AS can be completely volatilized in 9 min, 
18 min, 70 min, and the average volatilization rate of 
AS is 0.156 g/min, 0.078 g/min, 0.02 g/min. When the 
temperature is 300 oC, 250 oC, AS cannot be completely 
volatilized within 200min, and the average volatilization 
rate of AS is 0.394 x 10–2 g/min, 0.171 x 10–2g/min. It has 
been shown in the literature that the fi rst step in the 
dec omposition of AS at high temperature is deamination 
to form ABS30, 31, just as (NH4)2SO4 → NH4HSO 4 + NH3. 
This reaction is a good explanation for the tendency of 
the initial volatilization rate to decrease during AS vola-
tilization. Then the ABS generated by the decomposition 

Figure 3. AS volatilization rate curve at different temperatures
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that the sample volatilization degree of each experiment 
is not consistent. Therefore, the data corresponding 
to each temperature is not comparable. However, the 
condensation tendency under various temperature con-
ditions and the migration of condensed products after 
volatilization can be qualitatively judged. The content 
of SO4

2– in the condenser tube and the washing bottle 
were obtained by ion chromatography. According to the 
peak area of the SO4

2– in each solution measured by ion 
chromatography, the SO4

2– concentration in each solution 
was obtained. The results are shown in Table 2. The 
concentration of NH4

+ in each solution was measured 
by the ammonium ion concentration meter. The results 
are shown in Table 3. 

From Table 2, The ratios of SO4
2– concentrations in 

the condenser and the washing bottle at 200 oC, 250 oC, 
300 oC, 350 oC, 400 oC and 450 oC are 2.55:1, 2.5:1, 1.96:1, 
19.2:1, 23.57:1, 23.78:1, respectively. It is indicated that 
SO4

2–, which was directly volatilized or condensed after 
decomposition by ABS, mostly transferred to the con-
denser tube, and a small part transferred to the washing 
bottle. And as the temperature increases, the proportion 
of SO4

2– in the condenser increases. The SO4
2– content 

in the condenser is related to the amount of H2O that 
can be condensed at this location. When the temperature 
is lower than 300 oC, the concentration of SO4

2– is low, 
indicat ing that only a small amount of substances (such 
as SO2, H2O) capable of generating SO4

2– are generated 
in this temperature range. When the temperature rises 
to 350 oC and 400 oC, this ratio has a signifi cantly in-
crease to the beginning, in partic  ular, the concentration 
of SO4

2– in the condenser has an increase of 2–3 orders 
of magnitude. When continues to rise the temperature 
above 400 oC, the ratio does not change much, it indic  ates 
that a large amount of substances capable of producing 
SO4

2– appear in the decomposition products of ABS at 
the temperature range of 300–400 oC.

It can be seen from Table 3 that as the temperature 
changes, the change of NH4

+ concentration in the con-
denser   is similar to the change of SO4

2– concentration, 
which indicates that a large amount of NH4

+ containing 
substances appear in the decomposition products of ABS 

of the AS continues to volatilize, and its volatilization 
process is consistent with that shown in Fig. 2.

The amount ratio of ABS and AS volatilization in the 
experiment for 200 min to the total volatilization at the 
corresponding temperature is shown in Fig. 4. It can be 
seen that the higher the volatilization temperature, the 
larger the amount of AS volatilization. Compared with 
the higher volatilization of ABS at 300 oC, the difference 
in the amount of ABS between 200 oC and 250 oC is 
not large. It can be considered that the    decomposition 
reaction of ABS at 200 oC and 250 oC should be consi-
stent. The reason why the ABS volatilization amount at 
250 oC is slightly higher than the amount at 200 oC is 
that the higher the temperature, the more volatilization 
of the gas phase ABS.

Figure 4. Percentage of ABS/AS volatilization at different 
temperatures

Figure 5. Volatilization rate curve of ABS samples doped with 
different amounts of fl y ash

Table 2. SO4
2– concentration in condensed products after ABS volatilization at different temperatures (unit: ppm)

ABS volatilization at different ash content
The sample is prepared by mixing pure ABS and fl y 

ash in a ratio without fl y ash, 1:5, 1:8, 1:10, 1:15, 1:20 
and the total mass of each sample was kept at 4.5 g. 
The volatilization experiment was carried out at 300 oC. 
The results are shown in Fig. 5. The experimental data 
have been deducted from the background value of the 
volatilization of the pure ash sample.

It can be seen from Fig. 5 that as the doping amount 
of fl y ash increases, the volatilization rate of ABS sample 
decreases. This indicates that the volatile component 
of the ABS sample should be mainly ABS. Therefore, 
the higher ABS content in the sample, the faster vo-
latilization rate. When the ratio of ABS to fl y ash is 
1:5, the volatilization rate in the fi rst 20 min is slightly 
higher than that in pure ABS, probably because some 
substances in the fl y ash promote the volatilization of 
ABS. When the ratio of ABS to fl y ash is lower, that is, 
the amount of ash added is larger, ABS will be hindered 
by fl y ash when volatilized, and thus the rate of ABS 
volatilization decreases.

Condensation after ABS volatilization
The condensing system consists of a condenser tube and 

a washing bottle, and the cooling temperatures of both 
components were controlled at 30 oC. It should be noted 
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in the temperature range of 300–400 oC. The ratios of 
NH4

+ concentrations in the condenser to the washing 
bottle at 250 oC, 300 oC, 350 oC, 400 oC and 450 oC 
are 1:23.35, 1:11.54, 2.1:1, 5.82:1, 5:1, respectively, it 
indicates that when the concentration of NH4

+ in the 
condenser is low, that is, when the temperature is lower 
than 300 oC, the substance containing NH4

+ is collected 
by the washing bottle because the condensation tube 
contains little H2O. When the temperature is higher 
than 300 oC, the substance containing NH4

+ is mainly 
collected by the condenser. It can be seen that 300 oC is 
an important node temperature for the change of ABS 
condensation product. 

The ratios of SO4
2– to NH4

+ in the condenser at 
200 oC, 250 oC, 300 oC, 350 oC, 400 oC and 450 oC are 
2.17:1, 2.44:1, 2.29:1, 10.95:1, 23.5:1, 23.6:1, respectively. 
The ratio of SO4

2– to NH4
+ is slightly greater than 2:1 

at lower temperatures of 250 oC to 300 oC, and the 
concentration of SO4

2– is much greater than NH4
+ at 

higher temperatures; The ratios of SO4
2– to NH4

+ in 
the washing bottle at 200 oC, 250 oC, 300 oC, 350 oC, 
400 oC and 450 oC are 1:31.47, 1:24.89, 1:9.89, 1.26:1, 
4.17:1, 3.59:1, respectively, which indicates that at lower 
temperatures, the concentration of SO4

2– in the washing 
bottle is less than NH4

+, and the SO4
2– in the washing 

bottle is gradually higher than NH4
+ when the tempera-

ture is raised. Therefore, when the temperature is lower 
than 250 oC (include 250 oC), the product deposited in 
the condenser and wash bottle may be a small amount 

of ABS and most of ABS is deposited in the condenser. 
When the temperature is higher than 300 oC, the con-
densation product in the condenser may be H2SO4 and 
a small amount of AS, ABS. The substances condensed 
in the washing bottle are AS and H2SO4. The product 
deposited in the condenser at a temperature of 300 oC 
may be a small amount of ABS and H2SO4. The substance 
condensed in the washing bottle is a small amount of 
ammonia water and ABS.

ANALYSIS OF ABS VOLATILIZATION PROCESS

The morphological characteristics of the ABS samples 
before and after volatilization at 300 oC for 280 minutes 
were compared and the results are shown in Fig. 7.

It can be seen from Fig. 6 that after the experiment 
at 300 oC, a signifi cant melting change occurred on the 
surface of the ABS sample. Part of the fi ne particle 
packing structure and smooth external on the surface of 
the ABS sample showed a condensed sheet-like stacked 
form resulted by melting after the experiment. It indi-
cates that ABS had a phase change of the solid phase 
to the liquid phase in the experiment. Combined with 
the volatilization rate curve and condensation product 
analysis of ABS at 300 oC, ABS has a gas phase volatili-
zation and a decomposition reaction at this temperature. 
At this time, the sample contains ABS and products 
decomposed by ABS.

Figure 6. Scanning electron micrograph of the sample before and after ABS volatilization (a,c: ABS Before volatilization; b, d: ABS 
after volatilization at 300 °C for 280 min)

Table 3. NH4
+ concentration in condensed products after ABS volatilization at different temperatures (unit: ppm)
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The TG and DTG curves of ABS are shown in Fig. 7. 
The DSC curve of ABS under the same conditions is 
shown in Fig. 8. 

when the temperature is at the junction of the tempe-
rature at the end of the fi rst stage and the beginning 
of the second stage, the decomposition rate of ABS is 
accelerated, possibly because the decomposition reactions 
of the fi rst stage and the second stage occur simultane-
ously. This also explains the change in the volatilization 
rate curve of ABS in Fig. 2. Incomplete weight loss after 
the second stage is caused by slight volatilization of ABS 
and other impurities contained in ABS. 

The tubular resistance furnace is used for ABS high 
temperature volatilization place, the downstream pipeline 
is connected with fl ue gas analyzer, and 1L/min N2 is 
used as carrier gas to detect the decomposition products 
of ABS at 400 oC and 450 oC. The result is shown in 
Fig. 9. Due to the lower temperature of the desiccant 
and gas line upstream of the fl ue gas analyzer, part of 
ABS decomposition products condensed and deposited 
in the upstream pipeline, so the data shown in Fig. 9 
has a large error. The results in Fig. 9 are only used 
in this paper to cla rify the qualitative analysis of the 
components of the ABS decomposition products.

Figure 8. DSC curve of ABS

Figure 9. Concentration curve of SO2 from ABS decomposition 

Figure 7. TG and DTG curves of ABS

It can be seen from F ig. 7 and Fig. 8 that at about 
140 oC, there is a distinct endothermic peak, but ABS 
weight loss is not obvious. At this time, ABS mainly 
undergoes a phase change from solid to liquid. The 
weight loss of ABS may be caused by slight volatiliza-
tion of the sample. Combined with the DTG and DSC 
curves, the ABS decomposition process can be divided 
into two steps. In the fi rst step, the volatilization rate 
at 206.12–297.19 oC is initially slower but enhances with 
increasing temperature. The weight loss percentage of 
the whole temperature range is 6.46%, and the average 
weight loss rate is 6.7×10–5 g/min. In the second step, 
ABS has a rapid decomposition at 297.19–390.24 oC. 
The weigh t loss percentage of the whole temperature 
range is 88.36%, and the average weight loss rate is 
1.03 × 10–2 g/min. ABS has a maximum volatilization 
rate at 378.36 oC.

Since ABS is fi rst liquefi ed at a higher temperature 
and then decomposed, when ABS is in the fi rst stage 
and the second stage of decomposition, the products 
in the fi rst stage of ABS and ABS are in a liquid state, 
Therefore, the decomposed gaseous product needs to 
overcome the liquid fi lm resistance to precipitate from 
the gas-liquid interface. The physical diffusion coeffi cient 
of ABS decomposition products increases with increasing 
temperature. Therefore, the decomposition rate gradually 
increases as the temperature increases. At the same time, 

It can be seen from Fig. 9 t hat ABS can be decomposed 
to  produce SO2 at 400 oC and 450 oC. ABS volatiliza-
tion completely within 14 minutes. The change of the 
SO2 concentration curve is basically the same as that in 
Figure 2, and the reason is shown in the analysis results 
of Figure 2. In combination with the ABS volatilization 
rate curve (Fig. 2) and the thermogravimetric results 
(Fig. 7, Fig. 8), we can speculate on the volatilization 
and decomposition process of ABS that ABS undergoes 
solid-liquid phase transition at around 140 oC. During 
the decomposition of ABS, the fi rst step of ABS de-
hydration is to form (NH4)2S2O7 at 206.12–297.19 oC. 
When the dehydration reaction of ABS occurs, the 
dehydration rate increases as the temperature increases. 
When the temperature rises around 300 oC, (NH4)2S2O7 
begins to decompose, but the decomposition rate is 
low. The decomposition product (NH4)2S2O7 of ABS 
decomposes at 297.19–390.24 oC. The decomposition 
rate of (NH4)2S2O7 increases with increasing tempe ra-
ture. The higher temperature, the shorter time it takes 
for (NH4)2S2O7 to completely decompose. Volatilization 
of gas phase ABS occurs throughout the volatilization 
process. The two-step reaction of ABS decomposition 
can occur simultaneously at around 297 oC. The detailed 
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decomposition process of ABS is shown in Table 4. By 
comparing the thermogravimetric experiment and the 
theoretical calculation of the weight loss percentage, it 
can be confi rmed that the presumed ABS decomposi-
tion reaction is correct. The weight loss percentage at 
200 oC and 250 oC in Fig. 4 is slightly higher than the 
thermogravimetric and theoretical data, probably due to 
the volatilization of the gas phase ABS. 

According to Table 2 and Table 4, when the tempera-
ture is lower than 300 oC, ABS undergoes dehydration 
reaction and slight volatilization. Most of the water and 
volatile ABS are deposited   in the condenser. When the 
temperature is higher than 300 oC, ABS has completed 
the dehydration reaction, after which the reactant was 
(NH4)2S2O7. Most of the SO2 and water generated by 
(NH4)2S2O7 decomposition are collected by the con-
denser. Part of SO2 and NH3 are collected by washing 
bottles, The presence of O2 in the atmosphere causes 
the condensation product to be H2SO4. When the tem-
perature is 300 oC, the volatilization, dehydration and 
decomposition of (NH4)2S2O7 occur simultaneously. The 
results are relatively consistent with the conclusions of 
references 29 and 30 and provide an accurate temperature 
range for the ABS decomposition reaction. 

CONCLUSIONS

(1) With   the increase of temperature, the volatilization 
rate of ABS and AS increase. At the same temperature, 
the volatilization rate of AS is higher than that of ABS. 
Increasing the temperature at intervals of 50 oC, the 
ABS volatilization rate shows an increasing trend on 
the order of magnitude. When the ABS volatilization 
temperature is lower than 300 oC, the product recon-
denses after volatilization is mainly ABS. And the ABS 
volatilization temperature is higher than 300 oC, the 
product recondensed after volatilization are mainly AS, 
ABS, H2SO4 and ammonia. 

(2) At about  140 oC, ABS is converted from the solid 
phase to the liquid phase. The ABS volatilization and 
decomposition processes can be concluded as follow 
:206.12–297.19 oC is the initial volatilization stage, 
297.19–390.2  4 oC is the rapid volatilization stage. The 
volatilization rate reaches a maximum at 378.36 oC. 
The initial phase of ABS reaction is NH4HSO4→ 
(NH4)2S2O7+H2O; The rapid phase of ABS reaction 
probably is 3(NH4)2S2O7→2NH3+2N2+ 6SO2+9H2O, 
There is an intersection in the reaction temperature 
range between the initial volatilization phase and the 
rapid volatilization phase.

(3) To solve the problem of ABS deposition in the air 
preheater, the accurate determination of the volatiliza-
tion temperature of ABS is the decisive condition for 
temperature regulation. In the future, we should focus 
on the actual working conditions of fl ue gas in coal-fi red 
power plants. Under the condition of mixed deposition 
of ABS and fl y ash, the volatilization and decomposition 
process of sediment should get much deeper studied.

Table 4. ABS decomposition process and corresponding changes
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