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Abstract 

The sulfation of gas-phase KOH and KCl was investigated in both oxidizing and reducing atmospheres 
at temperatures of 1120 K, 1260 K, 1390 K, and 1550 K. Well-defined gas environments were generated in 

a laminar flame burner fuelled with CH 4 /air/O 2 /N 2 . Atomized K 2 CO 3 and KCl water solution fog and SO 2 
were introduced into the hot gas as sources of potassium, chlorine, and sulfur, respectively. The in situ con- 
centrations of KOH, KCl, and OH radicals were measured using broadband UV absorption spectroscopy, 
and the concentration of K atom was measured using TDLAS at 769.9 nm and 404.4 nm. The nucleated and 

condensed K 2 SO 4 aerosols were visualized as illuminated by a green laser sheet. With SO 2 addition, reduced 

concentrations of KOH, KCl, and K atom were measured in the hot gas. The sulfation was more significant 
for the low temperature cases. KOH was sulfated more rapidly than KCl. K 2 SO 4 aerosols, formed by ho- 
mogeneous nucleation, were observed at temperatures below 1260 K. At 1390 K, no aerosols were formed, 
indicating that the consumed KOH was transformed into gaseous KHSO 4 or K 2 SO 4 . K atoms formed in the 
hot flue gas with KOH addition enhanced the consumption of OH radicals except at the high-temperature 
case at 1550 K. At 1120 K and 1260 K, the sulfation of KOH with SO 2 seeding reduced the concentration of 
K atom, resulting in less OH radical consumption. Studies were also conducted in a hot reducing environ- 
ment at 1140 K, with the flame at an equivalence ratio of 1.31. Similar to the observation in the oxidizing 
atmosphere, the concentrations of KOH and K atom decreased dramatically with SO 2 seeding. An unknown 

absorption spectrum observed was attributed to UV absorption by KOSO. The experimental results were 
used to evaluate a detailed K-Cl-S reaction mechanism, and a reasonable agreement was obtained. 
© 2020 The Author(s). Published by Elsevier Inc. on behalf of The Combustion Institute. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

Keywords: Potassium sulfation; Biomass combustion; UV absorption spectroscopy; Quantitative measurement; 
Chemical kinetic model 
∗ Corresponding author. 
E-mail address: zhongshan.li@forbrf.lth.se (Z. Li). 

https://doi.org/10.1016/j.proci.2020.05.058 
1540-7489 © 2020 The Author(s). Published by Elsevier Inc. on 
access article under the CC BY license ( http://creativecommons.
behalf of The Combustion Institute. This is an open 
org/licenses/by/4.0/ ) 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proci.2020.05.058&domain=pdf
http://www.sciencedirect.com
https://doi.org/10.1016/j.proci.2020.05.058
http://www.elsevier.com/locate/proci
http://creativecommons.org/licenses/by/4.0/
mailto:zhongshan.li@forbrf.lth.se
https://doi.org/10.1016/j.proci.2020.05.058
http://creativecommons.org/licenses/by/4.0/


5220 W. Weng, Z. Li and H. Wu et al. / Proceedings of the Combustion Institute 38 (2021) 5219–5227 

1

 

p  

b  

o  

T  

m  

f  

i  

c  

t  

a  

s
 

c  

c  

w  

[  

b  

E  

s  

f  

d  

s  

n  

s  

m  

t
 

i  

b
K  

i  

t  

H  

d  

a  

p  

O  

s  

v
K  

w  

b  

t  

i  

T  

a  

1  

d  

c  

s  

t  

a  

s  

4  

f  

a  

t  

i

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. Introduction 

Fouling, slagging, and corrosion are severe
roblems in operating furnaces when utilizing
iomass fuels, mostly due to the varying amounts
f potassium and chlorine contained in the fuels.
he sulfation of KCl to K 2 SO 4 can be one of the
ost effective methods to mitigate the negative ef-

ect, because K 2 SO 4 has a higher melting point and
s less corrosive than KCl. The sulfation process
an be achieved through homogenous reactions be-
ween gaseous KCl/ KOH and sulfur oxides. The re-
ctions, especially the sulfation of KCl, have been
tudied by quite a few researchers [1–14] . 

Glarborg and Marshall [2] proposed a detail
hemical mechanism to describe the sulfation pro-
ess, and it was evaluated by comparing predictions
ith the experimental results reported by Iisa et al.

1] . Hindiyarti et al. [5] extended the mechanism
y adding a number of alternative sulfation routes.
kvall et al. [10] used this mechanism to model the

ulfation chemistry in oxy-fuel atmospheres. Dif-
erent experimental studies [6 , 8 , 13] have been con-
ucted aiming at the confirmation of the suggested
ulfation pathways involved in the chemical mecha-
ism. However, more quantitative experimental re-
ults in a well-defined homogenous gas environ-
ent are still desired to evaluate the detailed reac-

ion mechanism. 
Li et al. [9] studied the sulfation of KCl by SO 2

n a homogeneous hot gas environment produced
y a laminar flame burner. The concentrations of 
Cl and HCl in the hot gas were measured using

n-situ optical diagnostics, i.e., UV absorption spec-
roscopy and infrared polarization spectroscopy.
owever, to obtain a better understanding of the

etailed mechanism, additional quantitative results
re required, such as the concentrations of other
otassium species, i.e., KOH and K atom, and the
H radicals. Therefore, in the present work, the

ulfation process of KOH and KCl was further in-
estigated through quantitative measurements of 
OH, KCl, K atoms, and OH radicals in different
ell-defined hot gas environments. A laminar flame
urner was adopted to provide hot gas flows at a
emperature between 1120 K and 1550 K. Both ox-
dative and reducing atmospheres were employed.
he hot gas environments were close to the oper-
ting conditions of fluidized bed gasifiers (about
100–1300 K) [15] . In this temperature range, the
ata was still rarely available in the literature. The
oncentrations of KOH, KCl, and OH were mea-
ured using a well-developed UV absorption spec-
roscopy method [16 , 17] . The concentration of K
toms was measured using tunable diode laser ab-
orption spectroscopy (TDLAS) at 769.9 nm and
04.4 nm to cover the necessary dynamic range
rom ppb to ppm level. A detailed reaction mech-
nism developed by Weng et al. [13] was evaluated
hrough a comparison of the simulation and exper-

mental results.  
2. Methods 

Hot gas environments were generated using
laminar flames stabilized on a multi-jet burner
(cf. Fig. 1 a), which has a rectangular outlet of 
85 mm × 47 mm (cf. Fig. 1 b), and are described in
detail elsewhere [18] . Anchored on the outlets of 
the 181 jets, a premixed flame matrix was formed
as premixed CH 4 /air/O 2 was introduced into the
jet chamber of the burner. Air and N 2 were in-
troduced into the co-flow chamber, providing an
evenly distributed co-flow surrounding the pre-
mixed jet flames. The co-flow gas mixed rapidly into
the hot gas production from jet flames, where a ho-
mogenous hot flue gas flow was generated above
the burner outlet with a selected temperature and
oxygen concentration as the reaction environment.
As shown in Fig. 1 a, the burner outlet is ∼29 mm
above the premixed flame fronts on the top of 
the jet tubes. Flame conditions and correspond-
ing hot gas temperatures are presented in Table 1 .
The temperatures were measured at 5 mm above the
burner outlet through two-line atomic fluorescence
(TLAF) thermometry using indium atoms. The de-
tails of the technique were reported by Borggren
et al. [19] . The uncertainty of the measured tem-
perature was ∼3%. A stabilizer was placed 35 mm
above the burner outlet. Gas flows were controlled
separately using mass flow controllers (Bronkhorst
High-Tech) with an accuracy of ±0.8% of the read-
ing value plus ±0.2% of the full-scale value. 

K 2 CO 3 and KCl water solution at 0.5 mol/l and
1.0 mol/l, respectively, were used as the potassium
source in the hot flue gas. The water solution
was atomized using an ultrasonic fog generator,
and the fog was introduced to the jet chamber by
an air flow of 0.5 l/min. Together with the pre-
mixed CH 4 /air/O 2 , K 2 CO 3 and KCl water solution
droplets were transported to the outlets of the jets
and formed gas-phase KOH and KCl downstream
of the hot flames. SO 2 , used as the source of sulfur,
was seeded through the co-flow chamber, which
avoided any heterogeneous reactions between
potassium and sulfur before they were introduced
into the hot gas environment. 

The concentrations of KOH, KCl, and OH were
measured using UV absorption spectroscopy. The
details of the measurements have been reported by
Weng et al. [17] . In the measurements, a collimated
UV beam with a diameter of ∼10 mm generated by
a deuterium lamp passed though the hot flue gas
products at 5 mm above the burner outlet. The op-
tical path length was extended by sending the beam
through the hot gas fiv e times using UV-enhanced
aluminium mirrors. The light was collected and
analysed using a spectrometer (USB 2000 + , Ocean
Optics). The concentrations of KOH, KCl, and
OH were evaluated using the Beer-Lambert law.
Typical absorbances are shown in Fig. 2 , as 50 ppm
SO 2 and 20 ppm KOH was seeded into the hot
flue gas of flame T3O1. It can be seen that the
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Table 1 
Summary of the flame conditions, where the temperatures were measured 5 mm above the burner outlet. 

Flame 
Case 

Gas flow rate (sl/min) Fuel-oxygen 
equivalence 
ratio φ

Gas product 
temperature 
(K) 

Jet-flow Co-flow 

CH 4 Air O 2 N 2 Air 

T1O1 2.47 12.23 2.58 18.97 8.90 0.70 1550 
T2O1 2.28 11.89 2.26 22.69 9.83 0.67 1390 
T3O1 2.09 10.90 2.07 26.50 10.66 0.63 1260 
T4O1 1.71 8.91 1.69 26.92 10.25 0.60 1120 
T4O2 2.28 7.82 1.84 27.90 0.00 1.31 1140 

Fig. 1. (a) schematic of the multi-jet burner; (b) a photo of the burner with premixed flames anchored on the outlets of 
jet tubes. 

Fig. 2. The absorbance of KOH/SO 2 in the hot flue gas (T3O1, φ = 0.63, T = 1260 K) with 20 ppm KOH and 50 ppm SO 2 
seeding and the best fitting was given with 5.5 ppm KOH and 43 ppm SO 2 . 
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bsorption spectrum including both KOH and SO 2 
an be fitted with the reported absorption cross
ections of KOH [16] and SO 2 [20] with a concen-
ration of 5.5 ppm and 43 ppm, respectively. The
ystematic error of the measurements mainly in-
luded the uncertainty of the UV absorption cross
ection of KOH and KCl, which is about 5% [16] .
he standard deviation was derived from the mea-

ured absorbance. The concentration of the OH
adical was derived as the absorbance at around
10 nm, fitted by the absorption cross section
xtracted from LIFBASE [17 , 21] . Since both KOH
nd SO 2 have broadband absorption and smooth
bsorption spectra was obtained at the high tem-
erature, the narrowband absorption by OH radi-
al can be easily extracted with a smooth baseline.
he uncertainty of the OH concentration was orig-

nated from the absorbance curve-fitting process. 
The concentration of atomic K was measured

y TDLAS at 769.9 nm and 404.4 nm. The details
f the potassium measurements have been reported
y Weng et al. [16] . The system at 769.9 nm was
sed to measure K below hundreds ppb, while the
ne at 404.4 nm was adopted in measurements of 
 atoms at higher concentration. The uncertainty

f the measured K atoms concentration includes
he standard deviation of the measured absorbance
nd absorbance curve-fitting to the line shape func-
ion, giving a value of around ∼5%. 

Meanwhile, the 532 nm laser beam from a
ulsed Nd:YAG laser (Quanta Ray) was used to il-

uminate the nucleated aerosols in the hot flue gas.
he laser was formed into a laser sheet and guided

hrough the hot gas region vertically. The resulting
ignal from aerosols was collected by a single-lens
eflex camera (Canon, EOS2000D). 

. Model 

The simulation of the sulfation process in the
ot flue gas was conducted using Chemkin Pro [22] .
n the simulation, the reaction mechanism devel-
ped by Weng et al. [13] (Supplementary Mate-
ial 2) was adopted. The detailed modelling of the
ows were described by Weng et al. [17] . A one-
imensional stagnation reactor model was used to
imulate the reactions along the central axial of the
urner. The mixture of the post-flame gases from
 mm downstream of the premixed flames and the
o-flow was used as the inlet gas of the stagna-
ion reactor model. The post-flame gas composi-
ion was calculated using a one-dimensional free
ropagation premixed flame model. The concentra-
ions of KOH and KCl were set to be the ones mea-
ured in the experiment without SO 2 seeding. The
xial distance in the stagnation model was 6.4 cm,
aken to be the distance between the outlet of the
ets and the flow stabilizer. The temperature along
he axial was assigned to be the one measured in
he experiment using TLAF and a well-calibrated
B-type thermocouple (OMEGA). Along the lateral
direction, a one-dimensional opposed-flow model
in Chemkin-Pro was used to include the edge ef-
fect into the simulation results as reported by Weng.
et al. [17] . The averaged concentration from the
simulation along the horizontal direction at 5 mm
above the burner outlet was used to compare with
the experimental measurements. It should be noted
that the processes at the very beginning of the mix-
ing between the co-flow and the flue gas from pre-
mixed flames were not covered by the model. In the
experiment, the mixing length could be 10-15 mm
[9] , while in the model, the inlet gas was taken to
be fully mixed before reactions. This might cause
some discrepancy between the experimental and
simulation results. 

4. Results and discussion 

4.1. Sulfation in oxidative environment 

Figure 3 a presents the measured concentrations
of KCl and K atom in the hot flue gas with around
20 ppm KCl and varying amounts (50–150 ppm)
of SO 2 seeding. The hot flue gas at 1120 K was
provided by flame T4O1 with a fuel-oxygen equiv-
alence ratio of 0.6. At this temperature, almost no
KCl was transformed to KOH. The concentrations
of KCl and K atoms decreased with increasing SO 2
seeding. As 150 ppm SO 2 was introduced into the
flame, the concentration of K atoms was reduced
from 0.17 ppb to 0.07 ppb, and the concentration
of KCl was decreased from 20 ppm to 14 ppm.
The reduction of KCl and K atom was caused by
the sulfation of potassium into gaseous KHSO 4
and K 2 SO 4 , and K 2 SO 4 aerosols, as reported by
Li et al. [9] . The model predicted well the concen-
tration of K atom, while the sulfation of KCl was
overpredicted (cf. Fig. 3 a). This might be due to
the fact that at this temperature, the sulfation of 
KCl was controlled by the concentration of SO 2
[12 , 13] . In the model, the assumption of full mixing
between KCl and SO 2 at the very beginning made
the sulfation of KCl more rapid than observed. In
the simulation, gaseous KHSO 4 and K 2 SO 4 were
predicted to be the main products of the sulfation
of KCl, and they were at similar concentration lev-
els (cf. Fig. 3 a). The major sulfation pathway was
predicted to occur through the reactions among
K, O 2 and SO 2 in forming KHSO 4 and K 2 SO 4
through KOSO 3 [13] at this temperature. Atomic
K, formed from KCl + H = K + HCl (R1), form
KOSO 3 , either through K + O 2 ( + M ) = KO 2 ( + M )
(R2), KO 2 + SO 2 ( + M ) = KOSO 3 ( + M ) (R3), or via
K + SO 2 ( + M ) = KOSO( + M ) (R4), KOSO + O 2
( + M ) = KOSO 3 ( + M ) (R5). KOSO 3 is then
rapidly converted to sulfate through the sequence
KOSO 3 + H 2 O = KHSO 4 + OH (R6), KHSO 4 +
KCl = K 2 SO 4 + HCl (R7), KOSO 3 + KCl = K 2 SO 4
+ Cl (R8). 
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Fig. 3. Concentration of KCl and K atoms from both experimental measurement and modelling prediction (a) and the 
predicted concentration of KHSO 4 and K 2 SO 4 (b) versus the amount of SO 2 in the hot flue gas T4O1 ( φ = 0.6, T = 1120 K) 
with 20 ppm KCl seeding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To characterize the sulfation of KOH in the hot
gas environments, SO 2 was introduced into the hot
flue gas containing ∼20 ppm KOH. The KOH was
generated through the seeding of K 2 CO 3 , which
rapidly reacts with water vapour to form KOH and
eventually K atoms as it passes through the hot
flame zone. Similar to the sulfation of KCl, the
presence of SO 2 lead to reduced concentrations of 
KOH and K atoms, especially at the low tempera-
ture cases, as shown in Fig. 4 . Both KOH and K
atom were almost fully removed as above 50 ppm
SO 2 was seeded, and the sulfation of KOH was ap-
parently more effective than KCl. The consumed
KOH was transformed partly into condensed
K 2 SO 4 aerosols observed as the strong Mie scatter-
ing in the hot flue gas with a temperature lower than
1260 K (cf Figs. 4 e and f) at which the vapour pres-
sure of K 2 SO 4 is lower than 0.002 mbar [7] . The
sulfation process was weakened in higher temper-
ature, where more KOH and K survived ( Figs. 4 a
and 4 b) and less aerosols were generated ( Figs. 4 c–
f). As the temperature reached 1390 K and 1550 K,
the SO 2 seeding had almost no influence on the
concentration of K atom, and no aerosols were ob-
served, while still a certain amount of KOH was
consumed. This indicated that gaseous potassium-
sulfur compounds were generated in the sulfation
process, mostly gaseous KHSO 4 and K 2 SO 4 ac- 
cording to the model. The modelling results, as 
presented in Figs. 4 a and 4 b, captured well the 
varying trend of the concentration of KOH and 

K atom as function of the amount of SO 2 seed- 
ing. Especially for the KOH concentration, under 
most conditions, the simulation and experimental 
results were in good agreement, in contrast to the 
cases for KCl. As reported by Weng et al. [13] , 
the sulfation of KOH at this temperature was no 

longer relying on the existence of high SO 2 con- 
centration and the partial mixing between KOH 

and SO 2 at the very beginning had no influence on 

the whole sulfation process. The sulfation pathway 
of KOH was similar to that of KCl as presented 

above, but the results showed a higher propensity 
for sulfation of KOH. We attribute this to the lower 
thermal stability of KOH, which resulted in the 
formation of higher levels of K atoms. The sulfa- 
tion of KOH was strongly dependent on the tem- 
perature. During the mixing of the cold co-flow 

and the hot post-flame gas close to the jets, there 
might exist low temperature zones which was not 
included in the modelling. This low temperature 
zone would promote KOH sulfation, such as for 
the case at 1390 K shown in Fig. 4 a, where the 
model underpredicted the sulfation of KOH. The 
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Fig. 4. Concentration of KOH (a) and K atom (b) versus 
the amount of SO 2 in the hot flue gas from the flame 
T1O1-T4O1 with 20 ppm KOH seeding, and the scatter- 
ing of aerosols in the hot flue gas from the flame T1O1- 
T4O1 with 20 ppm KOH and 150 ppm SO 2 seeding (c-f). 

Fig. 5. Concentration of OH radicals versus the amount 
of SO 2 in the hot flue gas from different flames with or 
without 20 ppm KCl or KOH seeding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

predicted sulfation reactions, besides the ones pre-
sented above for KCl, include KOH + H = K + H 2 O
(R9), KHSO 4 + KOH = K 2 SO 4 + H 2 O (R10), and
KOSO 3 + KOH = K 2 SO 4 + OH (R11). 

The concentration of the OH radical in the
hot flue gas is shown in Fig. 5 . In the absence
of SO 2 at 1120 K, the addition of KOH lead
to a significant reduction of OH, while the KCl
seeding had almost no effect. The effect of KOH
was mainly attributed to the chain terminating
reaction sequence KOH + H = K + H 2 O (R9),
K + OH + M = KOH + M (R12). As SO 2 was added
into the hot flue gas, KOH was sulphated, elimi-
nating the terminating sequence. With only SO 2
seeding, there is no change in the OH radical
concentration. For the cases having relatively low
temperatures, i.e., 1120 K, 1260 K and 1390 K, the
KOH seeding promoted OH radical consumption.
The sulfation by SO 2 seeding reduced the concen-
tration of K atom significantly at the temperatures
of 1120 K and 1260 K (cf. Fig. 4 b), resulting in the
OH concentration not being affected by the KOH
seeding. However, at 1390 K, the concentration
of K atom did not decrease due to sulfation and
consequently the KOH seeding did not reduce the
OH concentration. 
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Fig. 6. (a) Spectral curves of the absorbance when 
8.3 ppm KOH (red), or 50 ppm SO 2 (blue), or simul- 
taneously with 50 ppm SO 2 and 22 ppm KOH (black) 
seeded into flame T4O2 ( T = 1140 K and φ = 1.31); (b) 
normalized absorbance of KOSO under different condi- 
tions with varying amount of SO 2 seeding (from 20 ppm 

to 150 ppm); (c) the absorbance of KOSO at 353 nm ver- 
sus its concentration, which was obtained through the 
subtraction of total 22 ppm KOH by the concentration 
of KOH and K atom; (d) the estimated UV absorption 
cross section of KOSO. 
4.2. Sulfation in reducing environments 

The sulfation process of potassium hydroxide in
a reducing hot environment was investigated using
the flame T4O2 with a global equivalence ratio of 
1.31 and a temperature 1140 K. The concentration
of potassium introduced into the hot gas was
22 ppm. In the reducing environment without SO 2
seeding, 14 ppm K atoms were formed, which
contributed significant absorption at 404 nm (cf.
Fig. 6 a), accompanied by 8.5 ppm KOH. When
SO 2 was seeded into the hot flue gas, the concen-
tration of K atom decreased dramatically. Some
extra structures in the UV absorption spectra
distinguished from KOH and SO 2 were observed
in the hot flue gas with both KOH and SO 2 seed-
ing, especially at wavelengths above 350 nm, as
shown in Fig. 6 a. To the authors’ knowledge, this
absorption profile has not been reported in any
previous related work. According to predictions
for the K-S chemistry in a reducing environment,
KOSO becomes the dominant species at temper-
atures around 1000 K [13] ; in the absence of O 2 ,
KOSO cannot be oxidized to KOSO 3 through
R5. Hence, the unknown absorption spectrum
was attributed to KOSO. In order to identify the
KOSO absorption spectrum, the absorbance of 
the specific amounts of KOH and SO 2 remaining
after sulfation was subtracted from the absorbance
obtained from the hot flue gas. After subtraction,
the absorbance spectra were normalized. The
amount of remaining KOH and SO 2 were adjusted
to make sure that the normalized absorbance
had the identical structure, as shown in Fig. 6 b.
Through this, the concentration of the remaining
KOH was obtained, and the concentration of 
KOSO was evaluated through the subtraction of 
the K and KOH from the total potassium, i.e.,
22 ppm. The remaining absorbances attributed to
KOSO from the cases with different amount SO 2
seeding are presented in Fig. 6 c as a function of 
the corresponding KOSO concentration. A good
linear relationship was obtained. Using this rela-
tionship, the absorption cross sections of KOSO
was derived based on the Beer-Lambert law, and
corresponding values are presented in Fig. 6 d. 

The concentrations of KOH, K atom and the
rest attributed to KOSO, as functions of the
amount of SO 2 seeding are shown in Fig. 7 . The
KOSO yield increased with the SO 2 concentration,
and as 150 ppm SO 2 was seeded into the reducing
hot environment, almost all of the 22 ppm potas-
sium was converted to KOSO. The model predicted
correctly the trend of K atom decrease and the
KOSO increase with SO 2 seeding, but overpredict
the K atom and under-predict the KOH concentra-
tions compared to the experimental results. 

In the absence of SO 2 , the model predicted that
potassium is largely present as K atom; this is in
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Fig. 7. Concentration of KOH, K atoms and the rest K assumed to be KOSO versus the amount of SO 2 in the hot flue 
gas T4O2 ( φ = 1.31, T = 1140 K) from experimental measurement and simulation. 
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ontrast to the measurements, which showed sig-
ificant amounts of KOH. The cause of this be-
aviour, which was also reported by Weng et al.

17] , is not clear at present. At the high tempera-
ures in the flame region, KOH is fully converted to
 atom. Above the flame, as the temperature de-

reases, the formation of KOH is favoured. How-
ver, due to the low levels of radicals at the lower
emperatures, the K + OH recombination reaction is
low. The underprediction of KOH could indicate
issing pathways in the reaction mechanism, sig-

ificant under reducing conditions. 
When is SO 2 added, atomic K is con-

erted to KOSO through the reaction R4,
 + SO 2 ( + M ) = KOSO( + M ). Under the condi-

ions shown in Fig. 7 , this reaction is close to
artial equilibrium, according to the model. This

ndicates that the underprediction of KOSO by
he model could be caused by uncertainties in the
hermodynamic properties of KOSO. The heat
f formation of KOSO in the model is based on
ond strength of K-SO 2 of 190 ± 11 kJ/mol, as
etermined by Goumri et al. [23] . The present ex-
erimental results indicate that the bond strength
f K-SO 2 may be larger than this value, but more
ork is needed to confirm this. 

. Conclusion 

Optical in situ measurements were performed
or the quantitative investigation of K-Cl-S gas-
hase chemistry in a well-defined high-temperature
atmosphere. Both oxidative and reducing environ-
ments were investigated with temperature varying
from 1120 K to 1550 K. The concentrations of 
KOH, KCl and OH in the hot gas were measured
by UV absorption spectroscopy, and the concentra-
tion of K atoms was obtained using TDLAS sys-
tems at 769.9 nm and 404.4 nm. A higher propen-
sity for sulfation was observed at lower tempera-
tures, and sulfation of KOH was more rapidly com-
pared to KCl. In the sulfation of KOH, aerosols
were observed and the concentration of K atoms
was significantly reduced at temperatures of 1120 K
and 1260 K. At 1390 K, KOH was consumed with
SO 2 seeding, but no aerosols were observed. K
atoms generated from KOH enhanced the con-
sumption of OH radicals, and the concentration
of OH in the hot flue gas was strongly related to
the concentration of K atoms. The sulfation by
adding SO 2 reduced the K atom concentration
significantly at low temperatures, causing less con-
sumption of OH radicals. Also, in a reducing atmo-
sphere at 1140 K, the presence of SO 2 leads to the
consumption of K atom and KOH. A UV absorp-
tion spectrum, distinguished from those of KOH
and SO 2 , was obtained; it was attributed to KOSO.
The detailed K-Cl-S chemical mechanism reported
by Weng et al. [13] was evaluated, and reasonable
agreement between the simulation and experimen-
tal results was obtained. The knowledge of the
sulfation of KOH/KCl and the formation of K 2 SO 4
aerosols supports the improvement of design and
operation of biomass gasifiers with less slagging
and corrosion, and controlled particle emission. 
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