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Coal-derived fly ash is a major aerosol composition in the atmosphere and presents a
major challenge in understanding the atmospheric environment. In this study, the
heterogeneous uptake of hydrogen peroxide and sulfur dioxide on coal fly ash was
investigated using a Knudsen cell reactor coupled with a quadrupole mass spectrometer.
The uptake coefficients were measured as a function of the initial mixing ratio of H,O, and
SO, from 10 to 60 ppbv, and the temperature dependence of the uptake coefficients was
also carried out over arange from 253 to 313 K. The mixing ratio of H,O, and SO, showed
little effect on the uptake coefficients for these heterogeneous processes. As a function of
temperature, the initial uptake coefficients of H,O, and SO, on coal fly ash were
(0.48-1.65) x 107* and (1.50-8.54) x 107°, respectively, which decreased with an
increase in temperature. The steady-state uptake coefficients of H,O, on coal fly ash
were in the range of 2.46 x 107° to 4.84 x 107°, which increased with an increase in
temperature. Furthermore, we examined the synergistic effects between SO, and H,O» in
their reaction on coal fly ash and found the existence of gaseous H,O, appeared to
enhance the ability of SO, uptake on coal fly ash. Therefore, this finding suggests that the
oxidation of SO, on the surface of coal fly ash by gaseous H,O, would promote SO,
consumption and transformation.

Keywords: heterogeneous uptake, hydrogen peroxide, sulfur dioxide, coal fly ash, uptake coefficients, synergistic
reaction

INTRODUCTION

Coal is one of the most abundant, widely distributed, and economical energy resources in the world.
Globally, coal-based energy is a major power source, especially in some developing countries. Power
plants generate about 600-800 million tons of fly ash every year, and previous estimates indicated
that 25%-60% total ash was derived from coal burning (Asokan et al., 2005; Jayaranjan et al., 2014;
Kizgut et al., 2010; Wang et al., 2005). China is one of the leading countries in coal production and
consumption, resulting in an annual coal-derived fly ash of 150 million tons (Cao et al., 2008). Coal
fly ash is commonly considered as “non-hazardous” waste, and it is easily disposed in ash dumps

Frontiers in Environmental Science | www.frontiersin.org 1

June 2022 | Volume 10 | Article 876289


http://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.876289&domain=pdf&date_stamp=2022-06-15
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.876289/full
http://creativecommons.org/licenses/by/4.0/
mailto:wangwg@iccas.ac.cn
https://doi.org/10.3389/fenvs.2022.876289
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.876289

Zhou et al.

either by using the wet or dry method (Lopez-Anton et al., 2007).
Nowadays, coal fly ash has been reused and applied as a base of
heterogenous catalysts in chemical synthesis because of its special
characteristics (Hadiyanto et al., 2016; Jayaranjan et al., 2014).
However, coal fly ashes usually contain heavy metals and even
polycyclic aromatic hydrocarbons (PAHs) (Popovic et al., 2001).
Previous studies had verified that coal fly ash was a source of
metal particles in the atmosphere (Chen et al, 2012; Li et al,
2017) and can enhanced ice nucleation activity (Umo et al., 2019).
Furthermore, the trace heavy metals from fly ash can be leached
out under acidic conditions and can contaminate the surrounding
soils, surface water, and ground water Such
contamination of heavy metals can pollute the environment
and even enter the food chain leading to genotoxic effects on
DNA (Chakraborty and Mukherjee, 2009). Therefore, coal fly ash
effects to the environment and human health can be long-lasting
since large amount of proportion emitted into the atmosphere
and remained in the environment for a long time (Twardowska
and Szczepanska, 2002). Large quantity of coal fly ash means
considerable reactive surface that could mediate heterogeneous
reactions between different trace gases and subsequently
influence the balance of atmospheric species, such as mineral
dust (Tang et al., 2018).

Hydrogen peroxide (H,05,) is a stable oxidant in the atmosphere
and plays important roles in the oxidation chemistry of both liquid
and aerosol phases (Liu et al., 2020; Xuan et al., 2020). Gas phase
H,0, has been observed by many field measurements (Bales et al.,
1995; Jacobi et al., 2002; Hua et al., 2008; Wang et al., 2016; Qin et al.,
2018; Ye et al,, 2018; Ye et al,, 2021). In particular, the mixing ratios
of H,0, in the atmosphere was observed to be 0.9 ppbv during
moderately polluted periods (Ye et al.,, 2018) and can reach up to
11.3 ppbv in China at summer time (Wang et al, 2014). A Box
model simulation based on known gas phase chemical mechanisms
and kinetics has found the modeling results could only well
reproduce the daily variation trend of H,O,, but both the H,0,
peak values in the daytime and minimal values at night were
significantly overestimated comparing with field observation
(H,0, modeled/H,O, measured = 1.8), indicating that the sink
for H,O, might be largely underestimated (Ye et al,, 2021). Field
studies have also shown that ambient aerosol reactions through
heterogeneous processes may be an important sink for gaseous H,0,
(de Reus et al., 2005; He et al., 2010; Ye et al., 2018). Therefore, the
quantitative experimental data for the removal of H,O, through
heterogeneous reactions are needed to improve the parameters used
for model simulation and help to reduce the discrepancies between
fields measured and modeled H,0O, concentration. Several
laboratory studies have investigated the kinetics and mechanisms
of H,0, interactions with mineral aerosol surfaces (Pradhan et al.,
2010a; Pradhan et al., 2010b; Wang et al., 2011; Zhao et al,, 2011;
Romanias et al,, 2012; 2013; Zhou et al., 2012; El Zein et al., 2013;
Zhao et al,, 2013; El Zein et al., 2014; Wu et al., 2015; Zhou et al.,
2016). In addition, mineral aerosols led to faster SO, oxidation
through heterogenic reaction on the surface of mineral aerosols to
produce sulfate (Huang et al., 2014) and sulfate formation through
manganese-catalyzed oxidation of SO, on aerosol surfaces has been
established (Wang et al, 2021). Meanwhile, the heterogeneous
oxidation of sulfur dioxide on mineral oxide in the presence of

sources.

Hx0, and SO, on Coal Ash

hydrogen peroxide showed the importance for understanding the
role of H,O, as part of heterogeneous reaction of SO, and sulfate
formation in the atmosphere (Huang et al,, 2016; Ye et al., 2018).
Hydrogen peroxide is also an aqueous phase oxidant of S(IV) to
S(VI) (ie., sulfite to sulfate) and plays an important role in the
acidification of cloud and rain. Studies on SO, + H,O, reaction have
been conducted on aqueous surfaces in liquid clouds (Caffrey et al.,
2001; Clegg and Abbatt, 2001) and even deliquesced aerosol particles
(Liu et al., 2020). Meanwhile, the uptake of SO, on mineral oxides
and the catalytic oxidation process from S(IV) to S(VI) in metal-
containing aqueous have also been investigated (Gankanda et al,
2016; Maters et al., 2017). The uptake of gas-phase SO, and H,O, by
ice surfaces and mineral oxide (alpha-Al,O3;) have been well
documented (Clegg and Abbatt, 2001; Huang et al, 2016).
However, the understanding of the synergy between hydrogen
peroxide and sulfur dioxide on solid surface is limited.

Coal fly ash usually comes from the same as some common gas
pollutants (such as SO, and CO), the heterogeneous reaction of
gas-phase pollutants and reactive species on coal fly ash may be
important in atmospheric processing. Many studies have verified
that heterogeneous reactions were vital pathways for pollutants
transformation and secondary aerosol formation. Yet, research
on heterogenous reactions on coal fly ash were quite limited
comparing to mineral dust and most of the previous work was
concerned with single reactant and performed at room
temperature. In this study, the quantitative experimental data
on the removal of H,0, and SO, due to heterogeneous reactions
on coal fly ash were derived. Furthermore, assessment of the
temperature effects from these reactions was carried out because
temperature effect is an important part of atmosphere science.
This work presents a detailed investigation on the uptake
coefficients of SO, and H,0, on coal fly ash in the
temperature range of 253 K-313 K, which represents the
general atmospheric thermal environment. The temperature
dependence and atmospheric implication of these reactions
were also discussed in the following sections. Meanwhile, we
also explored synergistic reaction mechanism of H,O, and SO,
on coal fly ash as a function of relative concentration of H,0,
heterogenous reaction on secondary aerosol formation in dry
condition. The results would provide useful information for
understanding the mechanism of uptake and decomposition of
H,0, and SO, on coal fly ash as both processes are critical
properties for evaluating aerosol’s environmental and climate
impacts. There is still a considerably large gap between laboratory
work and modeling studies used to explain field measurements
and predict future changes (Tang et al., 2017), the experimentally
determined uptake coefficients from this work will enhances the
understanding of field measurements and improve predictions on
future changes (Qin et al., 2018).

MATERIALS AND METHODS

Materials

This experiment used coal fly ash generated from coal-fired
power plant without further treatment. The surface area of the
powder sample was measured by using the multipoint
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FIGURE 1 | Scanning electron micrograph of coal fly ash.

Brunauer-Emmett-Teller (BET) analysis method with a BET
apparatus (autosorb-iQ, Quantachrome Instruments,
United States). The measured surface area was 1.796 m°g .
X-ray diffraction (XRD) experiment for this powder sample
was performed via a Rigaku D/max-2500 diffractometer
(Japan) with Cu-K radiation at 50kV and 100 mA. Scans
from 2.6° to 50° (20) at a rate of 1° (20) per minute were
carried out. The obtained XRD pattern was processed using
JADE software and is shown in Supplementary Figure S1.
The major peaks were indexed to permit recognition of the
coal fly ash, and the results showed that the main component
of this coal fly ash was aluminosilicate (mullite and corundum),
aluminum, and silicon were the main component elements, such
as the results derived by Koukouzas et al. (2006); Skvara et al.
(2009). Figure 1 displays the scanning electron micrograph (S-
4800, Hitachi, Japan) of this coal fly ash. The particle size
distribution of this coal fly ash was between 5 and 100 um in
the coarse particle mode.

The gaseous sulfur dioxide (99.9%, Beijing Huayuan Gas
Chemical Industry Co., Ltd.,) was used as reactant gas without
further purification. The high weight percentage hydrogen
peroxide solution (~95wt%) was produced by rotary
evaporating aqueous solutions of hydrogen peroxide (35 wt%,
Alfa Aesar, China) and subsequently concentrated by bubbling
dry nitrogen. The weight concentration of purified H,O, was
greater than 95% as described by Zhou et al. (2012)

Experimental System and Method for

Determining Uptake Coefficient

The uptake coefficients of H,O, and SO, on coal fly ash samples
were carried out by using a Knudsen cell system combining with
an electron ionization (EI) quadrupole mass spectrometer (QMS,
Hiden, HAL 3F 501, United Kingdom), as illustrated in Figure 2.
The experimental set up and the procedure used has been
described in detail in previous publications (Wang et al., 2011;
Zhou et al., 2012). In brief, the reactor of the Knudsen cell system

HoO, and SO, on Coal Ash

consists of a chamber with four isolated sample compartments for
parallel experiments and a small escape aperture linking to the
QMS detector. To ensure that the mean free path of the molecules
exceeded the dimensions of the Knudsen cell, the pressure was
maintained low in the reaction chamber (~107° Pa). A vacuum
gauge was applied to monitor the pressure in the chamber. Before
the reactant gas was injected into the chamber, the pressure was
kept stable and the pressure variation due to adding gas was used
to calculate the partial pressure of reactant in the chamber. Prior
to the experiments, the reactor chamber was passivated with
reactant gases for more than 30 min until a steady state of the
QMS signal was established, while the coal fly ash samples were
isolated from the gas by the sample cover.

The EI-QMS was used to detect reactants and products of
these heterogeneous reactions. The measured mass charge ratio
(m/z) signals varied linearly with the concentrations of the
compounds. The specific masses monitored to detect H,0,
and SO, on coal fly ash samples were m/z = 34 (H,0,") and
64 (SO,"), respectively. A blank experiment was performed first
to make sure the sample holders and covers were passivated by
the gas phase reactants passing through the reactor. No obvious
reactants signals consume were observed during blank
experiments. The powder samples with known masses were
evenly tiled on the bottom of the holder by dispersing with
deionized water and drying first. For the temperature effect
experiments, a circulator was applied to adjust the
temperature from 253 to 313K for the Teflon-coated metal
sample holders and for the chamber. During each experiment,
the temperature variability was maintained within 1 K.

The Knudsen cell heterogeneous kinetics experiments were
performed following our previous works (Zhou et al., 2014; Zhou
et al., 2016). For all the kinetic experiments, the temperature of
reaction chamber was kept at a stable value first, and the samples
were kept isolated from the gas reagent. Then, the system was
passivated with gas reactant until the signal of gas reactant
reached a steady state. After that, one sample was exposed to
gas reactant by quickly opening the holder cover. We found the
signal of reactant parent ion monitored at m/z = 34 (H,0,") or 64
(SO,") dropped below its original value suddenly. An observed

L g

Reaction N
chamber | 1 QMS
253K-313K

y

Pump

Leak valve

-

Escape orifice Pump

FIGURE 2 | Graphical scheme of the Knudsen cell system.
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FIGURE 3 | Linear mass-dependent regions of the observed uptake
coefficient for H,O, (upper panel) and SO, (lower panel) on coal fly ash.

uptake coefficient, yobs, can be derived from the following
equation (Usher et al., 2002):

Ay, -1
= . 1
Yobs As< 1 ) ( )

Here, A}, represents the effective area of the escape hole
between the Knudsen cell chamber and the QMS detector;
in this study, Ay, is 0.211 mm?; A, represents the geometric
area of the sample holder, which is 5.3 cm” in our system; I,
and I are the signal intensities detected by QMS when
sample holder was covered and exposed. The parameters
of this system could be found in our previous work (Zhou
et al., 2016) and also summarized in Supplementary
Table S1.

RESULTS AND DISCUSSION

Kinetics of Hydrogen Peroxide and Sulfur
Dioxide Uptake on Coal Fly Ash at Room
Temperature (298 K)

In this work, the measurements of initial and steady state uptake
coefficients at 298 K for H,O, and SO, on coal fly ash were
conducted separately.

Hx0, and SO, on Coal Ash

During the experiments, we found that H,O, was first
taken up on the surface of the fly ash, and after a certain
period, the reactant signal (H,O,", m/z = 34) became
balanced and a steady state uptake process could be
measured. The uptake phenomenon of SO, on the surface
of coal fly ash was a slightly different from those of H,O,:
only the initial uptake was obvious, while the steady state
uptake was quite small (<8 x 107°); this steady state uptake
was similar to that of Chinese Inner Mongolia desert dust,
which was <5 x 107> (Zhou et al., 2014). Besides each gas
phase reactant, some possible products, including O, (m/z =
32), CO, (m/z = 44). were also monitored by QMS
synchronously, while there was no remarkable undulation
during the uptake experiments such as catalytic oxidation
reactions.

According to Eq. 1, uptake coefficients were derived by
assuming the gas-surface collision only on the top layer of the
solid reactants. To test if all the surface area of coal fly ash
samples was involved in the uptake processes, the uptake
coefficients y,ps Were calculated using the geometric surface
area of the sample versus a series of sample masses. As
illustrated in Figure 3, the observed uptake values grew
linearly with increasing sample mass, which indicated that
reactions were not only on the top layer of the sample surface,
but the total surface areas of particles could also participate in
the reactions. The observed mass dependence phenomena
supported that the diffusion of the reactants can go
through the underlying layers of these samples. In this
work, the experiments were carried out by using the
sample masses in the linear range to make sure the entire
surface areas of the coal fly ash were accessible to the reactants
(H,O, and SO,). BET surface areas of each sample were
treated as the entire sample participates during the
reactions (Underwood et al., 2000).

The plots in Figure 3 show the region where the observed
uptake coefficients (yops) are linearly dependent on the mass of
samples. From the plot, a mass independent uptake coefficient
can be derived as follows:

Ay (IO—I)_ A
T

= — Yobs . (2)
YBET Apr I Yob Aper

Here, Appr represents the surface area of the coal fly ash
powder sample, the BET area of the powder times the sample

TABLE 1| Summary of the uptake coefficients of H,O» and SO, on coal fly ash at
different temperatures.

H,0, SO,

Temperature (K) Yinitger x 10* YssgeT x 10%° YintgeT X 105

253 1.65 £ 0.25 854 +1.3
268 1.34 £ 0.20 2.46 + 0.37 6.36 + 0.95
283 1.06 £ 0.16 3.12 + 0.47 3.90 + 0.59
298 0.74 + 0.11 4.35 + 0.65 2.33+0.35
313 0.48 + 0.07 4.84 +0.73 1.50 + 0.23

2Each value is the average of at least three measurements, and the error corresponds to
two standard deviations (o).
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FIGURE 4 | Dependence of the steady state uptake coefficients of HoO,
on different mixing ratios of SO,.

mass is taken to calculate this value. The ygpr values obtained
from each experiment are given in Table 1 (298 K).

Because the uptake processes on aerosol surfaces might be
subjected to the pressure, namely, the mixing ratios of reactants,
influence from H,0,/SO, mixing ratio to the uptake coefficient
was considered in this work by varying the initial mixing ratio of
H,0,/SO, from 10 to 60 ppbv, respectively. The uptake
experiments of H,0,/SO, on coal fly ash showed similar
phenomena. This means that there was limited dependence of
initial uptake coefficient on different mixing ratios of H,O, or
SO, in this range.

The lack of dependence on mixing ratio observed in this study
were similar with previous work conducted on mineral dust
samples (El Zein et al, 2014; Zhou et al., 2016). Therefore,
according to the results obtained from the experimental
measurements, the H,O, heterogeneous uptake on coal fly ash
was assumed to be passing through physical adsorption and
heterogeneous reactions, while SO, heterogeneous uptake on
coal fly ash was through physical adsorption at room
temperature.

Synergistic Effects of the H,O, and SO,
Uptake Process on Coal Fly Ash

In this study, we first measured the uptake coefficient of H,O,
on coal fly ash samples with a constant mixing ratio of H,0,
and SO, mixing ratio of 0-52.8 ppbv. The initial uptake
coefficients of H,0O, showed little difference between
measuring with only H,O, and with both the reactive gases
(H,0; and SO,) present (The relative deviation was less than
10%.). This phenomenon likely since the physisorption rate
was much faster than the rate of chemical transformation. The
main processes of initial uptake were only related to
physisorption independent of the active sites for adsorption
seemed to be independent. As illustrated in Figure 4, no
apparent growth in steady state uptake coefficients of
hydrogen peroxide on coal fly was shown with increasing of
SO, mixing rations in the reaction chamber. It was expected

Hx0, and SO, on Coal Ash

that on these coal fly ash samples, SO, did not influent the
reactive site for H,O, uptake regularly. Further investigation
would need to evaluate the effects of SO, on coal fly ash. We
next measured the uptake coefficient of SO, on coal fly ash
samples when the mixing ratio of SO, was kept constant and
the H,O, mixing ratio ranged from 0 ppbv to around 40 ppbv.
The initial uptake coefficients of SO, were independent of the
H,0, mixing ratio. As mentioned above, this process was also
dominated by the physisorption. However, hydrogen peroxide
can easily increase the measured steady state uptake
coefficients of SO,, as shown in Figure 5. It was implied
that the absorbed hydrogen peroxide can provide a new
reactive surface for SO, uptake.

In this study, although Knudsen cell reactor was kept in a low
pressure, the experiments were performed in an almost dry
condition, there would still be some adsorbed water present
on the surface of the coal fly ash samples. The adsorbed water
present on the surface could be in the form of O*” or OH as water-
related-reactive sites, but could not been quantified. The sulfate or
bisulfate formation on the coal fly ash should be consistent with
the reaction of gas-phase SO, with reactive surface (Usher et al,,
2002).

SO, (g) + O* (s) — SO
80, (g) + OH™ (s) — HSO;

In previous study, the oxidation of SO, through uptake
process was proposed a two steps mechanism. The first step
was a reversible adsorption of SO, onto the surface, and the
followed step was an irreversible reaction by which adsorbed SO,
was oxidized to be sulfate (Ullerstam et al., 2002). So, the H,O,
may have the reactivity to oxidize adsorbed SO, on the surface of
coal fly ash samples via the following reactions:

H,0,(g) +S — S[OH](S* + OH") + OH,
S[OH](S* + OH") + SO, (g) + — S[OH] — SO, (S* + HSO3),

2.5x10°
o 204
2
-
@ 15+
2
1.0

T T T T T
0 10 20 30 40
H,0, (ppbv)

FIGURE 5 | Dependence of the steady state uptake coefficients of SO,
on different mixing ratios of HyO».
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5 values increased with the temperature increasing. At 253K,
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E ' error for the steady state uptake coefficient calculation, so this
value was not given in this work. The main component of coal fly
-10.6 7 ash was aluminosilicate. In our previous work, the interactions of
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T (K) have been investigated (Zhou et al., 2016). The certified chemical
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panel) and steady state uptake coefficients (lower panel) of sulfur dioxide on the temperature effects of their steady state uptake coefficients on
coal fly and temperature. mineral dust samples showed different phenomena, which may

S[OH] - SO, (§* + HSO;) + HO, — S[HSO4] (S* + HSO;)
+ H,0.

Our result suggested that H,O, uptake affects mineral surface-
active site and promotes the further reactions.

Temperature Effects on Uptake Kinetics of
Hydrogen Peroxide and Sulfur Dioxide on
Coal Fly Ash

The temperature dependence of the uptake coefficients for
heterogeneous reactions on coal fly ash was investigated for
the temperature ranging from 253K to 313K with this
temperature-controllable Knudsen cell system. The results are
presented in Table 1.

The experimental results showed that the initial uptake
coefficients of gas phase H,O, and SO, on coal fly ash
decreased evidently with increasing temperature. This trend of
the initial uptake coefficients with temperature well match with
the physisorption principle (Zhou et al., 2012). A similar
temperature effect of initial uptake process had also been
derived on some real mineral dust and typical mineral oxides
(Zhou et al., 2012; Romanias et al., 2013; El Zein et al., 2014; Zhou
et al,, 2016). The steady state uptake coefficients of H,O, on coal
fly ash samples performed contrary phenomena. The ygpgr

relate to the differences of their trace species. Therefore, the
temperature dependence of steady state uptake coefficients
indicating that the structure and the component of the solid
samples may impact the uptake processes.

Now that the initial uptake coefficients showed negative
correlation to the temperature, the changes of enthalpy (AH)
and entropy (ASps) for H,O, and SO, adsorption on coal fly ash and
the reactive energy (Ea) for H,O, uptake on coal fly ash could be
derived from the following Egs 3, 4 (Jayne et al., 1990):

] n< Yinit,BET ) _ AH gps N AS,ps 3)
1 = Yinieper RT R
E
1n<4YSS>BET ) L (4)
L = Yyper RT

From the plot on the left side of Eq. 3 versus inverse
temperature, as shown in Figures 6, 7, the enthalpy (AH,p,)
and entropy (AS,ps) were determined to be —(13.27 + 1.62)
KJ mol™* and —(124.0 + 5.8) J K mol ™! for H,0, initial uptake
process; —(19.57 £ 1.56) KJ mol ™' and —=(154.3 + 5.6) J K mol ™!
for SO, initial uptake process. The reactive energy (Ea) for
H,0, uptake on coal fly ash was (11.01 + 1.36) KJ mol L.
Normally, the activation energy of a reaction exit in the
atmosphere is larger than 20 KJ mol™', the importance of
this reaction is negligible (Smith, 2003; Liu et al., 2008).
This reveals that the heterogeneous uptake processes of
H,0, on coal fly ash are significant and should not be
neglected.
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The mechanism of H,0, uptake on an oxide surface at low
relative humidity (RH) condition are presented as below (Lin and
Gurol, 1998; Pradhan et al., 2010a; Zhao et al., 2011). Herein, S
represents the surface of solid sample.

H,0,(g) +$ — S[OH](S* + OH") + OH.
OH. + H202 + — Hzo + H02
HOz. + HOZ — HzOz + 02

Based on the study results, we could suggest that the initial
uptake coefficients of H,O, and SO, on coal fly ash are analogous
to the other mineral aerosols, which can provide active surface for
sinking of H,O, and SO,, especially at low temperature.

CONCLUSION AND ATMOSPHERIC
IMPLICATION

Coal fly ash is as an important anthropogenic mineral aerosol because
it exits in large quantity and it has critical impact on air contamination
and climate changes in the atmosphere. It is a crucial component of
particulate matter, which can provide reactive surfaces for sinking
different kinds of chemical species in the troposphere. In this work,
heterogeneous uptakes of H,O, and SO, on coal fly ash sample in the
temperature range from 253 K to 313 K were performed in Knudsen
cell reactor coupled with QMS detector. The reactant concentration
used in this work was close to ambient levels. The uptake coefficients
of H,0, and SO, on coal fly ash showed little dependence on the
mixing ratio of H,O, and SO, from 10 to 60 ppbv. The initial uptake
coefficients of H,O, and SO, are temperature dependence, the values
decreased with the increasing of temperature for these uptake
processes. When the reaction temperature increased, the steady
state uptake coefficients of H,O, increased and the gap between
steady state uptake coefficients and initial uptake coefficients became
smaller. Based on the temperature dependence of these uptake
coefficients, the enthalpy (AH,), entropy (ASy,s) and reactive
energy (E,) for coal fly ash had also been calculated.

In this work, the synergistic effects of between SO, and H,0,
in their reaction on coal fly ash were investigated. We noted that
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