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STUDY OF THE COMPOSITION AND GAS-PHASE RELEASE
CHARACTERISTICS OF SALT MATERIAL EXTRACTED FROM MSW
ASH PARTICLES USING STA
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The ash material generated from the MSW incineration contains large amounts of alkali metals, heavy metals, chlorine and sulfur
mainly deposited as inorganic salts and/or oxides on the surface of the Si-rich ash particles. In this work, the composition and
gas-phase release characteristics of salt material extracted from MSW ash particles using a six-stage leaching process is studied using
simultaneous thermal analysis (STA). The produced results provide useful information regarding the composition of the salt material
and its melting behavior that is considered to play an important role to deposition and corrosion problems at MSW incinerators. The
results may be used to model the deposition process and to the better understanding of the corrosion process during MSW incineration.

Keywords: ash, corrosion, deposition, MSW, salts, STA

Introduction

The growing demand of energy today in combination
with the high prices of oil fuel and increased concern
of the use of coal for power generation due to the high
emissions of CO, that accelerates the greenhouse ef-
fect has lead to the need for exploitation of new and
renewable energy sources. At the same time the in-
creased production of municipal solid waste (MSW)
material in the developed world and the environmen-
tal concerns, their safe and economical disposal
brings with, has lead to the consideration of MSW
material not as a waste stream but rather as an attrac-
tive ‘green’ solid fuel. Incineration of MSW is be-
coming a more attractive alternative than the tradi-
tional means of disposal via landfilling because this
method is technically proven as an effective, econom-
ical and environmentally safe waste treatment tech-
nology [1, 2]. According to the new EU legislation di-
rective 1999/31/EU the amount of waste material for
landfilling should be limited to the 75 mass/mass% of
the quantity landfilled in 1995 by 2010. Furthermore,
no waste material containing more than 5% biode-
gradable carbon will be allowed to landfill [3]. How-
ever, though the new MSW incineration plants
equipped with modern pollution control devices have
met the environmental problems such as dioxins
emissions, odour, noise, etc. successfully there are
still problems that have to be solved to improve
mainly the economics and the efficiency of the pro-
cess [4-10]. These problems are mainly associated
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with the ash generated during the MSW incineration.
The produced ash material is rich in alkali metals,
chlorine, sulfur as well as heavy metals like Zn, Pb,
Ni, Cd, etc. These inorganic compounds included in
the original MSW material tend to react during the in-
cineration process and to form gases, liquids and sol-
ids that cause severe ash-related problems such as de-
position and corrosion. The need to mitigate these
problems leads to lower steam temperatures, use of
more expensive steel alloys for heat exchangers as
well as to unscheduled shut-downs for cleaning and
repairing the corroded surfaces. This leads to higher
operational costs, lower availability and lower effi-
ciency compared to the coal-fired plants. Further-
more, the produced ash material needs to be treated
and stabilized before further use due to the high
amounts of heavy metals into reactive forms such as
chlorides ZnCl,, sulfates PbSO,, ZnSO, and oxides
ZnO, PbO, etc. [6, 11-14].

The determination of the melting and gas phase
release behavior of the salt material deposited on the
surfaces of the ash particles during the MSW inciner-
ation process could be of premium importance, to as-
sist with the mitigation of the ash-related problems
and the ash disposal. In the present study thermal
analysis was applied to characterize the salt material
extracted from various MSW ash fractions. Thermal
analysis is widely used in combustion research for the
determination and understanding of various proper-
ties and the behavior of different fuels under a wide
range of conditions and applications [15—17]. It has
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been reported that thermal analysis methods includ-
ing TG/DTA, TG/DSC, TMA and DMA can be used
to provide an estimation regarding the ash melting
characteristics of various coal, waste and biomass
samples [18-20]. In this work a TG/DSC Instrument
(thermogravimetric analysis/differential scanning
calorimetry) also called an STA (simultaneous ther-
mal analysis) instrument is used to characterize the
melting and gas-phase release characteristics of the
salt material extracted from the surface of four MSW
ash fractions using a six-stage leaching process.

In this paper the melting behaviour and
gas-phase release characteristics of four different ash
fractions generated from the incineration of MSW
material is studied using simultaneous (DSC/TG)
thermal analysis.

Experimental
Materials and methods

The material used in this study is different ash frac-
tions from the Horsens MSW incinerator in Denmark.
Four different ash fractions, from two different boil-
ers, 2-3" pass ash, super-heater ash, economizer ash
and ash from the electrostatic precipitator, were col-
lected. All the initial ash samples were leached using
a six-stage leaching process to remove the water-solu-
ble salts condensed on the surface of the ash particles,
in order to study their melting behavior as well as
their gas-phase release characteristics [21]. A part of
the salt material extracted after each leaching stage
was kept dried in an evaporation oven at 110°C and
was kept for the STA tests. The remaining liquid sam-
ples were mixed homogenized and after evaporation
in the furnace the recovered salt material constituted
the total salt material removed from each ash fraction
during the leaching process. The total salt fractions
were used for the STA tests.

A Netzsch STA 409 C was used in the present in-
vestigation. A detailed description of the STA process
can be found elsewere [22].

The specific STA measurements included the
following steps:

5-10 mg of the salt sample, is placed in a 30 mL
platinum/rhodium crucible. Between the platinum
crucible and the platinum sample carrier a disc of alu-
minum is placed, to prevent the two parts sticking to
each other during experiments. Lids cover the cruci-
ble in order to obtain a more uniform temperature dis-
tribution inside. A hole in the lids allows the escape of
evaporation products. A second crucible (the refer-
ence) contains about 19-20 mg of a-Al,O;. A flow
rate of pure nitrogen of 100 mL min ™' keeps inert con-
ditions in the oven and removes any gaseous products
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released. The sample is heated at a heating rate
of 10°C min™' to 1500°C where the experiment ends.
The temperatures of the sample and reference are re-
corded by a Pt—Rh thermocouple (type S) and a high
precision balance registers potential mass loss due to
evaporation/decomposition of the sample. After the
end of each STA test the sample crucible was visually
inspected in order to define the final condition of the
sample material and to correlate it with the results
derived from the generated STA curves.

Results and discussion

Table 1 presents the elemental analysis of the differ-
ent ash fractions sampled from different sections of
two boilers at Horsens MSW plant, before and after
the leaching process. The elemental analysis was per-
formed using the inductively coupled plasma-optical
emission spectroscopy (ICP-OES) method. Ash frac-
tions are seen to contain more alkali metals, in the or-
der economizer<2—3" pass<super-heater<ESP, chlo-
rine in the order 2-3 pass<economizer<
super-heater<ESP, sulfur in the order economizer<
super-heater<ESP<2-3™ pass and zinc in the order
economizer<super-heater<2—3" pass<ESP. The ashes
from both boilers show to have similar compositions,
while some variation is also observed. In general, the
ash fractions from the boiler 1 are seen to have lower
concentrations of alkali metals and higher in chlorine
and sulfur compared to the fractions from boiler 2.
The leaching process is seen to remove alkali metals
and chlorine in the order economizer<super-heater<
2-3" pass<ESP and sulfur in the order economizer<
2-3" pass<super-heater, while the amount of sulfur in
the ESP fraction is seen to increase after the leaching
process, from the surface of the ash particles. These
results show that sulfur is deposited in the ash parti-
cles in mainly water-soluble forms in the sections of
the boiler where higher temperatures prevail, while
chlorine and alkali metals follow the same removal
pattern. Aluminum, silica, calcium, magnesium, as
well as zinc and the other elements are seen to
increase in concentration as they are present in non
water-soluble forms [21].

Table 2 presents the mass/mass% of water-solu-
ble salt material contained in every ash fraction. As it
is seen from Table 2 the ESP ash fractions contain the
highest amounts of water-soluble salt material com-
pared to the other ash fractions. The 2-3" pass and
economizer ash fractions from boiler 2 are seen to
contain higher amounts of water-soluble salts com-
pared to the fractions from boiler 1. On the contrary,
ESP and super-heater ash fractions from boiler 1 con-
tain higher amounts compared to the fractions from
boiler 2. However, all the ash fractions are seen to
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Table 2 Water-soluble salt material contained in every ash

fraction/mass%

Sample Water-soluble salts/mass%
2-3" pass ash non-leached 1 11.55

2-3" pass ash non-leached 2 12.84

S-heater ash non-leached 1 12.6

S-heater ash non-leached 2 11.65
Economizer ash non-leached 1 8.92
Economizer ash non-leached 2 10.5

ESP ash non-leached 1 39.61

ESP ash non-leached 2 31.6

contain comparable salt amounts apart from the ESP
fractions where the difference is seen to reach
25 mass/mass%.

The differences are attributed to variations in the
MSW feeding stream to the boilers as well as to dif-
ferences in the operating conditions of the two MSW
boilers such as temperature, residence time as well as
the boiler geometry.

2-3" pass salts

Figure 1 and Table 3 present the results from the STA
runs performed using the salt material extracted from
the 2—3" pass ash fractions during the six-stage leach-
ing process. Both STA curves are seen to be similar
till the 600°C and they show one endothermic peak
at 514°C corresponding to the melting of the salt ma-
terial. The very low melting temperature of the salt
material is attributed to the interaction of the different
salt compounds that tend to form binaries,
ternaries, etc., mixtures that have melting points sig-
nificantly lower compared to the pure compounds
[22]. After the 600°C the curves are seen to be some-
what different. The salt sample from boiler 2 shows
an endotherm starting at 654°C with peaks at 843
and 904°C that ends at 1050°C. A second endotherm
starts at 1112°C with peaks at 1301 and 1397°C end-
ing at 1428°C. The endotherms are accompanied by a
mass loss that according to Table 3 is almost
5 mass/mass% in the segment 300—850°C due to the
decomposition of calcium carbonate, while a mass
loss of 21.61 mass/mass% is seen in the seg-
ment 850—-1150°C mainly due to the evaporation of
KCI, NaCl and to some extent to the decomposition of
K,CO3, Na,COj; and the release of CO, [22, 23]. Fi-
nally, a mass loss of 40 mass/mass% is observed in
the temperature segment 1150-1450°C. At this tem-
perature segment the decomposition of carbonates is
concluded and the remaining CO, as weel as all the
K,0, Na,O are evaporated. Furthermore, calcium and
potassium/sodium sulphates as well as sulfides are
partially decompose/evaporate increasing the ob-
served mass loss. On the contrary, the salt sample
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Fig. 1 Simultaneous thermal analysis of the 2-3™ pass salt
samples; A — salt sample from boiler 1, B — salt sample
from boiler 2

Table 3 Results from the STA runs using the extracted salt
material from various ash fractions from MSW
incineration

Mass loss during various temperature
segments/mass%

300-850°C  850-1150°C  1150-1450°C

Salt sample

d
it bl 1 2:32 274 50.65
sse;ﬁel?é?fer 1 4.54 43.81 37.03
sselﬁel:gi?lrer 2 9.94 44.87 29.56
altbolort 1129 44.6 28.87
iboles 1129 409 31.09
]sEaSIthoiler 1 0.88 40.64 38.87
EaslthoilerZ 133 53.14 28.34

from boiler 1 is seen to have a lower mass loss
(50 mass/mass%) in the segment 300-850°C and
higher mass losses of 27.4 and 50.65 mass/mass% in
the next two segments. A large endotherm is now seen
to start at 850°C with a peak at 1027°C and ending
at 1093°C. A second endotherm is seen at higher tem-
peratures starting at 1242°C and ending at 1450°C
giving two peaks at 1385 and 1437°C. The produced
results agree with the results from Table 2 that shows
that the salts from boiler 1 contain more chlorine and
sulfur and as a result are expected to experience
higher mass losses at high temperatures.

Super-heater salts

Figure 2 presents the results from the STA tests with
the salt samples produced after the extraction of the
super-heater ash fractions. The two STA curves are
seen to be similar again till the temperature of 600°C.
A melting endotherm is seen to appear at 517°C in
both cases. In the case of the salt sample from boiler 1

J. Therm. Anal. Cal., 88, 2007
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Fig. 2 Simultaneous thermal analysis of the super-heater salt
samples; A — salt sample from boiler 1, B — salt sample
from boiler 2

a large endotherm is seen to start at 680 and ends
at 879°C. A mass loss of 4.54 mass/mass% due to
CaCO; decomposition is observed. A second endo-
thermic reaction is seen to start at 949 and finishing
at 1121°C. This is followed by a third endotherm
starting at 1152 and ending at 1405°C. A mass loss
of 43.81 mass/mass% is seen at the temperature seg-
ment 850—-1150°C and a loss of 37.03 mass/mass% in
the segment 1150-1450°C. The salt sample from
boiler 2 shows a big endotherm starting at 638 and
ending at 1028°C accompanied by total mass loss of
54.81 mass/mass% in the segment 300-1150°C. A fi-
nal endotherm starts at 1240 and ends at 1428°C ac-
companied by a mass loss of 29.56 mass/mass%.
Comparison of the results from the two STA curves
shows that the salt sample from boiler 1 contains less
CaCOs;, equal amounts of alkali chlorides and slightly
higher amounts of alkali carbonates and sulfates
compared to the salt sample from boiler 2.

Economizer salts

Figure 3 presents the results from the salt samples
produced from the leaching of the economizer ash
fractions. As it is seen from Fig. 3 the STA curves show
a better match now compared to the former salt samples.
The melting of the salt samples is seen to take place
at 514°C. The salt from boiler 1 is seen to create three
endothems above 600°C with the first starting at 710
and ending at 997°C. The second starting at 1013 and
ending at 1124°C, and the third starting at 1124 and
ending at 1447°C. The salt from boiler 1 is seen to
create two large endotherms above 600°C. The first
starts at 692°C with a peak at 918°C and ends
at 1051°C, while the second starts at 1153 and ends
at 1410°C showing a peak at 1277°C. Table 3 shows
that the mass loss observed into the different
temperature segments are also similar now. This is in
good agreement with the results from Table 2 that show
that the salt material extracted from both ash fractions
have very similar composition regarding alkali metals,
calcium, sulfur and chlorine. The observed mass loss is
seen to be higher compared to the salt samples from
the 2-3" pass and the super-heater sections in the first
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Fig. 3 Simultaneous thermal analysis of the economizer salt
samples; A — salt sample from boiler 1, B — salt sample
from boiler 2

temperature segment and from the 2-3" pass samples in
the second temperature segment, while they are at the
same range compared to the super-heater salt samples in
the second and third temperature segment and
considerably lower compared to the 2-3™ pass samples
in the third temperature segment.

ESP salts

Figure 4 presents the results from the STA measure-
ments with the ESP salt samples. Both STA curves
show a small endotherm around 140-150°C accom-
panied by a mass loss of 9-11 mass/mass% due to
moisture evaporation. Both STA curves are seen to
have a very good match compared to the previous salt
samples. The melting of the salt samples is seen to
take place for the salt from boiler 1 at 510°C and from
boiler 2 at 530°C. Both salt samples show a large
endotherm starting above 900°C creating peaks at
various temperatures and ending at 1402°C for the
salt from boiler 1 and at 1360°C for boiler 2.

Both salt samples show a very small mass loss
below 850°C (1 mass/mass%). The salt sample from
boiler 1 shows a smaller mass loss in the temperature
segment 850-1150°C and a higher in the segment
1150-1450°C compared to the salt sample from
boiler 2. Table 2 shows that the salt from boiler 1
contains lower amounts of alkali metals compared to the
salt from boiler 2. The chlorine extracted from the ESP
fraction from boiler 1 is seen to be significantly higher
compared to that from the ESP fraction from boiler 2.
However, the alkali concentrations show that the
majority of this chlorine content is present probably as
HCIl which is removed from the leachate during its
evaporation process. The higher mass loss observed at
higher temperatures for the salt from boiler 1 shows that
this sample contains higher amounts of alkali carbonates
and sulfates compared to the salt from boiler 2.
Comparison of the STA results with the results from the
previous salt fractions shows that the ESP salts show
similar mass loss in the segments 850-1150 and
1150-1450°C compared to the salts from the
economizer and the super-heater areas. Exceptions is
seen in the case of the ESP salt from boiler 2 that shows
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Fig. 4 Simultaneous thermal analysis of the ESP salt samples;
A — salt sample from boiler 1, B — salt sample from
boiler 2

significantly higher mass loss in the segment
1150-1450°C as well as the ESP salt and the super-heater
salt from the boiler 1 in the segment 1150-1450°C.

Conclusions

Simultaneous thermal analysis provides valuable in-
formation regarding the thermal behaviour of the var-
ious salt fractions studied. The higher mass loss at
high temperatures is observed mainly in the cases of
the salt samples resulted from the cooler areas of both
boilers such as the ESP and the economizer samples.
The total mass loss in the segment 300-1450°C is
seen to be similar for all the different salt samples
with the exception of the 23" salt from boiler 2. The
results from the STA measurements are in good
agreement with the results from the elemental analy-
sis of the ash fractions before and after the leaching
process. The mass loss observed during the STA tests
assists in interpreting the composition of the salt
samples from the different boiler sections.

The salts are seen to contain mainly alkali
chlorides and carbonates as well as alkali and calcium
sulfates. Since calcium sulphates are basically insoluble
to water the results are evidence that the salts create
binary, and/or ternary, etc. systems that are partially
water-soluble. The mass loss curves as well as the DSC
data show evidence that the multicomponent systems of
insoluble/water-soluble salts melt at lower temperatures
and show higher evaporation tendencies. This is
evidence that the specific systems are more reactive now
and may also play a more significant role in the
formation of the ash deposits as well as in the corrosion
process in the MSW boilers. The composition is seen to
vary between the two boilers which indicates that the
boilers are not operating under the same conditions as
well as variations in the feeding streams.

All the STA curves are seen to match in the first
heating stage up to 600°C presenting their melting
peak in the same temperature area 510-530°C. At
higher temperatures the STA curves from the ESP and
the economizer salts show to have the best match.
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The mass loss is seen to be mainly due to the dis-
sociation of CaCO; below 850°C, the melting and
evaporation of alkali chlorides as well as the partial
dissociation of alkali carbonates below 1150°C and to
the dissociation of alkali carbonates as well as alkali
and calcium sulfates above 1150°C.

The STA results from the salt fractions may be
used in combination with the ash elemental analyses
to control the deposition and corrosion problems dur-
ing the incineration process. Furthermore, as input
data for the development of models for the prediction
of the corrosion and deposition problems, during
MSW incineration.
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