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A measurement system was developed to sample and analyze
the particle and gas phase of high temperature combustion aerosols
up to a particle aerodynamic diameter of approximately 3 mm. The
rapid changes of aerosol composition and concentration caused by
the inhomogeneous fuel and changing burning conditions were ac-
commodated by a combined measurement of both gas and particle
phase and a synchronous measurement of two identical systems at
two different positions at the boiler. Based on works reported ear-
lier, an air-cooled dilution probe was designed and adapted to the
corrosive composition of the combustion aerosol by use of a silica
glass inlet and a ceramic porous tube diluter (PTD). Directly be-
hind the probe, the raw gas is passing a cyclone which precipitates
the coarse particles >25 µm, and is then split into a gas analysis
and a particle analysis branch. The particle branch, after further
dilution and cooling to ambient temperature, is split for a simulta-
neous analysis by an APS and a low pressure impactor (ELPI or
BLPI). The whole sampling line is conditioned to 300◦C until final
dilution and cooling to ambient temperature.

The measurement system was employed at different incinera-
tion plants between 220◦C and 950◦C for various experiments, e.g.,
time resolved concentration analysis during soot blowing cleaning
routine. The mass concentration balance, including the content of
the inlet, achieved a 92% match of the total slag mass balance of
the investigated plant.

INTRODUCTION
The boilers of municipal solid waste incineration plants

(MSI) often exhibit high corrosion rates, primarily at the first
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golstädter Landstrasse 1, D-85764 Neuherberg, Germany. E-mail:
christian.deuerling@helmholtz-muenchen.de

superheater packages at raw gas temperatures of approximately
480◦C and surface temperatures of the superheater tubes of
approximately 430◦C. The corrosion is caused by high tem-
perature chlorine corrosion, which takes place in presence of
alkaline and earth alkaline chlorine compounds at temperatures
above 400◦C. Corrosion rates, however, strongly vary between
plants of similar construction and waste mixture, a phenomenon
which is still under investigation (Schroer and Konys 2002). As
deposited material is supposed to play a major role in expos-
ing metal surfaces inside the boiler to corrosive substances, the
particulate matter of the raw gas was analyzed on its almost
complete way through the boiler at temperatures from 950◦C to
250◦C, and a mass balance was generated.

For investigation of the raw gas, a variety of different sam-
pling methods has been reported meanwhile. For certain ques-
tions, particles favorably should be collected in-stack, e.g., on
filters (Spiegel 2006), with in-stack cyclones (Lind 1999), or
with in-stack impactors, which are able to collect the fine frac-
tion of the aerosol in several size fractions at temperatures up
to 800◦C (Dixkens and Fissan 1995) or 1000◦C (Brunner 2006)
inside the boiler.

If corrosive effects are investigated, however, it has to be
taken into account that the flue gas components, particulate and
gaseous phase, are subject to processes like nucleation and con-
densation of volatile gas compounds or vapors like alkali or
heavy metal chlorides and coagulation of particles (Mikkanen
2000) during their passage through the boiler, influencing the
particles’ deposition and adhesion properties. Additionally, the
corrosive impact of the particles is reduced by sulphation of
the particles’ chlorine content during the flight, driven by sul-
phur (SO2/SO3) from the gas phase (Christensen et al. 1998).
Both properties can only be determined in the actual state of
the raw gas, if it is rapidly diluted and cooled, so that parti-
cle collisions and chemical reactions are suppressed as far as
possible. For this off-stack method a sample stream has to be
transferred from the boiler to the respective off-stack measure-
ment instruments, to generate high resolution data concerning
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2 C. F. DEUERLING ET AL.

size-fractionated number and mass concentration and to achieve
a chemical snapshot.

Various high-temperature sampling systems have been uti-
lized by several groups so far. A method commonly used is to
suck the raw gas through a temperature resistant, sometimes
cooled (quartz) tube (Enders et al. 2000; Christmann 1999) and
dilute the sample at the end of the sampling line, e.g. by ejec-
tion diluters (Ferge et al. 2004; Zimmermann et al. 2000). To
reduce physical changes (e.g., condensation, coagulation) of the
aerosol particles inside the probe, rapid dilution was applied in
the probe body. However, secondary effects like nucleation and
dependence of the particle size distribution on the dilution rate
or temperature were reported (Ciezki and Schwein 1996; Kass-
mann et al. 1997; Lipsky et al. 2002, 2004). Lind et al. and
Mikkanen et al. profoundly investigated combustion aerosols
and studied dilution techniques inside various types of sam-
pling probes (Lind, 1999; Mikkanen et al. 1999; Lind et al.
1999, 2000). They used a quench probe at raw gas temperatures
of 900◦C and 150◦C, diluting and cooling the gas directly at
the inlet by a factor of 10 and by 105◦C/s, thus shifting nucle-
ation effects towards particle size regions out of their measured
ranges. Another approach was to equip the inlet head with a
central size selecting impactor plate that should precipitate par-
ticles larger than 10 µm. Later, a cooled probe with a metal
porous tube diluter (PTD) was introduced. Through the PTD,
the dilution gas was injected to the sample flow to minimize ar-
tifacts caused by condensation or coagulation. This PTD probe
is commercially introduced; meanwhile, however, nucleation
was again observed (Mikkanen 2000; Pyykönen et al. 2007).
In 2001, Mikkanen implemented a “settling probe,” which col-
lected coarse particles at the bottom of a settling chamber at
the end of the probe, after the sample was diluted, cooled, and
decelerated to laminar conditions (Mikkanen et al. 2001). The
drawback of this method is the risk of mixing, interaction and
diffusive fractionation of the particle sizes.

Dilution techniques for analysis of exhaust aerosols (dilution
tunnel, ejector diluter, PTD, filtration diluter, and rotating disk
diluter) were systematically compared by Turrek (2004), who
concluded that the most neutral behavior was exhibited by the
dilution tunnel—which tends to nucleation and condensation—
and by the ejector diluter, which showed a 30% reduction of
particle concentration in comparison with the dilution tunnel.

In summary, it appears to be unavoidable that the sample
is somehow affected by the sampling. Therefore it is decisive
that for every distinct question concerning aerosol properties the
most appropriate sampling method has to be selected (Jiménez
and Ballaster 2005).

EXPERIMENTAL
Based on the experiences reported in the literature, a mea-

surement system with an air-cooled PTD probe was constructed
with a cyclone depositing the coarse particle fraction and an
ejection dilution cascade that finally conditioned the sample

of the particle analysis branch. To enable the sample flow to
pass the cyclone without disturbance by previous division, a
self-constructed cyclone was used. Not until after the cyclone,
the sample flow was isokinetically divided into gas and particle
analysis branch.

Particle Measurement Instruments
Particles from 30 nm to 3 mm (aerodynamic diameter) were

sampled off-stack, size fractionated, and chemically analyzed.
Additionally, acid components of the gas phase were analyzed.

The fine particle size fraction from 30 nm to 10 µm was mea-
sured online with an ELPI (Electrical Low Pressure Impactor,
Dekati Oy, Finland; sample flow rate: 30 l/min, bare stage) in
its standard 12 stage configuration. For analysis of the particle
size distribution up to 20 µm, an APS (Aerodynamic Particle
Sizer, Model 3320, TSI Inc., Minnesota, USA; sample flow rate:
5 l/min) was used. Its measuring range starts at an aerodynamic
diameter of approximately 0.8 µm, so a sufficient overlap with
the ELPI range was assured.

In addition to the ELPI, a Berner type low pressure impactor
(BLPI, Hauke Ges.m.b.H., Austria; sample flow rate: 30 l/min)
was employed for chemical analysis of the particles, as the
applied PIXE (Proton-Induced X-Ray Emission) routine was
optimized to foil substrates of this size and shape. It provides a
particle size fractionation from 63 nm to 10 µm, divided into 8
logarithmically ordered size fractions. The BLPI was integrated
into each measurement session for a 20 min measurement phase.
Greased 8 µm thick polypropylene substrate foils turned out to
provide the best analysis quality for PIXE.

The coarse fraction (>25 µm) was collected in a self-
constructed cyclone (Figure 1) having a 50% cut point of ap-
proximately 25 µm aerodynamic particle diameter at the given
flow rate of 30 l/min.

The collected particles were sieved and fractionated into
6 particle size ranges (<63 µm, 63–125 µm, 125–250 µm,
250–500 µm, 500–1000 µm, >1000 µm). The fractions were
weighted, chemically analyzed with ICP-OES (metals, Si, S)
and ion chromatography (anions) and partially characterized
regarding their morphology by transmission microscopy.

Sampling System
Measurements were performed in the 1st pass at 900◦C, in

the 2nd pass at 700◦C, in the 3rd pass at 500◦C, and in the 4th
pass at 280◦C.

The raw aerosol is isokinetically sampled through swan
neck–shaped silica glass inlets (see Figure 3). The orifice di-
ameter was chosen between 4 and 8 mm, depending on the flow
velocity of the raw gas at the sampling position. Silica glass
was used due to its inertness, smooth surface and easy check for
cleanness. The inlets were saved after each measurement and
their content was chemically analyzed.

Directly behind the inlet, the aerosol is diluted by the PTD
by a factor of 5–10 and cooled down to 300◦C with preheated
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MEASUREMENT OF HIGH TEMPERATURE COMBUSTION AEROSOLS 3

FIG. 1. Sketch of the cyclone, designed for a cutoff point of approximately
25 µm at a flow rate of 30 l/min.

air. The whole path through the sampling system is heated to
300◦C, what is above the melting point of several eutectic salt
mixtures and considerably above the dew point of water and
acids.

The PTD is made of a 450 mm long sintered ceramic tube
(Al2O3) with a mean diameter of the pores of 1.8 µm and an
open porosity of 28–30%. Porous ceramic was preferred to metal
because of its inertness and because the air flow through the
porous ceramic has shown to have some advantage in preserving
laminar flow conditions (Pyykönen et al. 2007; Wilson et al.
2004). The sheath flow inside the PTD also positively affected
the transportation of the particles. The dilution factor is actively
controlled through comparison of the CO2 concentration in the
diluted and raw gas sample streams.

The length of the air-cooled probe was set to 145 cm to pass
the insulated boiler walls–usually 40 cm thick–and to have flexi-

ble access to the main raw gas flow path inside the boiler (Figure
2). The probe should not exceed a necessary length, as larger
particles on their way through the probe tube are susceptible
to inertial effects (Baron and Willeke 2001) and gravitational
settling what would result in depletion. The outer diameter of
the probe is 48 mm to enable the use of the existing standard
inlets of the boiler (65 mm diameter). To withstand the boiler
temperatures of up to 800◦C, heat and sulphur resistant stainless
steel (Material 1.4713) was used for the metal parts of the probe
body. For sampling at temperatures above 800◦C, an additional
layer of ceramic isolation tissue was wrapped around the probe
tube to protect the steel and to ease the cooling of the probe.

The whole sample path is kept at a tube diameter of 8 mm.
The mean aerosol flow rate of 30 l/min thus results in a flow
velocity of u = 21 m/s limiting the residence time of the diluted
aerosol inside the steel sampling tube to less than 50 ms. A
rough calculation of the sink distance of the coarse fraction
given by Stokes equation (usink = 8/3 (ρp – ρg )/ρg·g dp/CD]

1/2;
ρp: particle density = 2200 kg/m3; ρg: gas density = 700 kg/m3;
dp: particle diameter; g: acceleration of gravity = 10 m/s; CD:
drag coefficient, for Re > 1000: CD = 0,44) for a 30 µm
particle results in a settling velocity of 0.027 m/s and a settling
distance of dsink = 1.35 mm. The resulting Reynolds number
Ref (Ref = ρg/η· v · d = 0,7 kg/m3/0,03 mPas · 21; m/s · 0,008
m; η: gas viscosity; d: tube diameter) is 3900 what is below
the limit of turbulent flow (Ref = 4000). It can therefore be
presumed that the aerosol is only slightly segregated and the
coarse particles are not completely deposited on the bottom of
the tube.

Directly behind the sampling probe the cyclone is connected
and utilized for collection of coarse particles (see Figure 3). The
close position to the sampling probe does allow employing the
cyclone to quantitatively sample the coarse fraction. The cut-off
size of 25 µm was chosen to assure transmission of all parti-
cles in the size range analyzed by the subsequent instruments
(<20 µm).

The raw gas leaves the cyclone through a riser and is then
returned to falling flow by a 180◦ bend with a radius of 200 mm.
After 100 mm of straight duct to restore a laminar flow again,
the sample gas passes an isokinetic divider which divides the
flow into the particle analysis part and the main suction flow.

FIG. 2. Scheme of the porous tube diluter (PTD) sampling probe.
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4 C. F. DEUERLING ET AL.

FIG. 3. Scheme of the measurement setup with PTD probe.

The particulate part is taken from the centre of the flow and
proceeds its flow direction (see Figure 4). The main flow is
sucked through a tube attached at right angle 40 mm behind
the inlet of the particulate flow. From the main flow a CO2

measuring branch (to monitor the dilution ratio of the PTD) and
the gas analyzing branch is separated, each sucking 2 l/min.

The particulate branch enters a cascade of two ejection di-
lutors (Palas GmbH), where the dilution air of the first 10 fold
dilution is preheated to 300◦C, the second 10 fold dilution (see
Figure 3) cooling the sample gas to approximately ambient

temperature. In total, the raw gas is diluted by a factor of ap-
proximately 500.

The ejector cascade exit is directly coupled to a self-
constructed isokinetic divider for parallel use of the APS
(5 l/min) and the ELPI or BLPI (30 l/min, see Figure 4). Due to
the potentially different concentration of different particle sizes
in the cross section of the tube, both branches have access to all
coaxial regions. The tube that supplies the coarse particle anal-
ysis of up to 20 µm at the APS (inner diameter 6 mm) is straight
prolonged to the APS entrance and connected by a smooth di-
latation funnel. The other part of the sample gas is supplying
the fine particle analysis of ELPI/BLPI and is coupled into a
slightly angled electrically conductive tube with a flange at its
end for connection either to the ELPI or BLPI.

All tubes except the silica glass inlet and the ceramic porous
tube are made of stainless steel to minimize corrosion and to
prevent electrostatic precipitation of charged particles. The in-
ner tube of the probe was changed before each measurement
campaign because of slight corrosion of the steel between the
measurement campaigns.

For the setup a rack (see Figure 4) was constructed to keep
all components in a fixed and reasonable position to each other.
The arm holding the cyclone rotates about the ejector centre to
allow easy connecting or disconnecting the fixed probe to the
fixed sampling line. The rack itself is mounted to an outer rack
allowing to adjust the docking height of the probe position from
approximately 80 cm to 200 cm without changing the system.

FIG. 4. The setup of the sampling line subsequent to the probe (without isolation) with a sketch of the isokinetic divider separating the sample flow for ELPI/BLPI
and APS.
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MEASUREMENT OF HIGH TEMPERATURE COMBUSTION AEROSOLS 5

As the fuel composition changes in short and long term (waste
composition, fire size, operational changes, changes in the per-
formance of the boiler due to its running time, etc.), the aerosol
was measured with two identical measurement systems in par-
allel each time, one at the reference measuring point (2nd pass)
and one at the migrating measuring point, respectively, so that
the changes of the reference point could be used as an indica-
tor for the current state of the raw gas. A measurement lasted
for approximately 35 min, including a measurement phase of
the BLPI of 20 min. The measurement system was used in
five measurement campaigns over a period of more than three
years, while its current configuration was used for the last 3
campaigns.

Reference MSI Plant
In general, the boiler of a MSI has various functions: Primar-

ily, the solid waste is burned on a grate to crack hazardous com-
ponents and to generate an inert slack which can be dumped.
Behind the hot grate zone, the thermal energy content of the
produced raw gas is transferred to a water circuit, e.g., by heat
radiation to the boiler walls in the first pass and by convection to
heat exchanger tubes in the following passes. The steam (Ref-
erence MSI: 435◦C at 65 bars) is used for power generation
systems then. The reference plant has an annual operational ca-
pacity of 150,000 tons of municipal waste, operating with three
lines (7.6 tons waste per hour and per line) each equipped with
a forward-acting reciprocating grate, a counter-current combus-
tion and a typical 4 vertical pass boiler (see Figure 5). The front
superheater packages (5) and (6) are placed, as usual, at the
beginning of the 3rd pass. Based on the plant’s records, the total

FIG. 5. Cross section of the MSI boiler investigated.

annual amount of dust leaving the grate is approximately 915 t,
of which roughly 100 t are deposited on the first two superheater
packages.

RESULTS
The particle transmission properties of the measurement sys-

tem were tested under laboratory conditions with a reference
powder (DMT ISO 12103 A2 fine test dust) at ambient tem-
perature. The powder includes particles up to 80 µm, with a
maximum at 20 µm and a bulk density of 0.9. Although these
particles were of comparable sizes to those to be expected in
combustion aerosols, the tests were of limited significance only,
as the powder formed huge deposits inside the PTD and the
sampling lines which was not observed during the real mea-
surements. These differences can be explained by a different
particle size distribution and different properties of the coarse
fraction.

For the reference MSI plant, the mean total dust mass balance
of the particulate matter of the raw gas, resulting from the sum
of all sampling components and the determinable losses of the
system is depicted in Figure 6. The total mass concentration is
3.21 g/m3 in the 1st pass which then steadily decreases from
2.99 g/m3 in the 2nd pass to 2.64 g/m3 in the 3rd and 2.08 g/m3

in the 4th pass. These figures are including approximately 5%
losses found by deposits inside the sampling system, such as on
the tube walls or at the isokinetic dividers, which were randomly
collected and weighted. The portion of deposits in the inlet
decreases from pass to pass to a finally negligible fraction of
1% in the 4th pass. Moreover, the general reduction of the total
mass concentration along the passes is only reflected by the inlet
content, whereas all other sampling components do not exhibit
a steady reduction.

FIG. 6. Total mass concentration of the particulate matter of the raw gas of
each of the four passes, yielded by adding all measured data and loss processes
(all figures standardized to NTP conditions).
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6 C. F. DEUERLING ET AL.

FIG. 7. Chemical composition of all size fractions (in micrometers) of 1st (left) and 3rd pass (right). Columns 1–8 shows the composition of the BLPI cascade,
column 9 the composition of the inlet and columns 10–15 the composition of the sieved fractions of the cyclone. The so-called “Rest” is the sum of present minor
elements (like titanium, bromine, etc.) and the oxygen of the oxides of the shown elements.

Based on the total mass concentration of the measurements,
the total annual amount of dust was calculated by using the
documented operational data of the MSI line. Given a mean air
volume of 4,500 Nm3 per ton of waste, a mean charge of 7.25 t
waste/h and 7,490 annual operating hours of the measured line,
the annual total dust mass of the line is calculated to 840 t/a.
The actual recorded amount of slag the MSI line accumulates
every year inside the boiler is 915 t/a, what means a deviation
of 8% of the experimental data.

The chemical analysis of the particulate phase was divided
into 14 particle size fractions plus the non-size-fractionated
analysis of the inlet (see Figure 7). The fine fraction (<1 µm)
mainly consists of secondary generated salt particles, either KCl
or NaCl. The coarse fraction (>20 µm) has a high portion of
primary particles from the grate like ashes, calcium and silica.
The middle-sized fraction (1–20 µm) also chemically intersects
these two groups. Heavy metals (Pb, Zn) are more present in
the fine fraction, indicating that their oxides act as condensation
nuclei for the secondary particles (Joeller 2008). The sulphation
of the particles during their flight converted approximately 20%
of the chlorine content of the particles to sulphate by the gas
phase constituents SO2 and SO3, what mainly affects the fine
fraction and primarily takes place at temperatures above 750◦C.

Each mass concentration distribution curve is achieved by
combining the data of the three measurement instruments ELPI
(30 nm–1 µm), APS (1 µm–20 µm) and cyclone (20 µm–
2 mm). Whereas the coarse fraction is weighed and the mass
concentration thus directly obtained, for the fine and middle
fraction, a particle density of approximately 2.2 g/cm3 is as-
sumed, based on own density determinations and in accordance
to literature (Ristimäki et al. 2002; Virtanen et al. 2004). The
particle size distribution of the inlet deposits was estimated by
comparing their chemical composition with the chemical com-
position of linear combinations of the three main particle size

groups. The linear combination yielded a maximum correlation
coefficient of 0.90 when combining approximately 40% fine
fraction (<1 µm), 5% middle fraction (1–20 µm), and 55% of
coarse fraction (cyclone content). As this distribution is similar
to the mass concentration distribution of the particulate phase
measured by the instruments, the inlet content was distributed
to the size fractions proportional to their mass concentration.

The resulting size fractionated mean mass concentration dis-
tribution of each pass is depicted in Figure 8. In all passes, a
bimodal distribution with a fine mode and a coarse mode is
present. From pass to pass the fine mode is increasing in parti-
cle size by particle growth, whereas the maximum of the coarse
mode is reduced by particle loss due to deposition.

The cleaning procedure of the superheaters, so-called soot
blowing, is run every eight hours by injecting high pressure
steam from rotating and forth and back moving jets which are
placed between the superheater packages. The remobilized par-
ticles of the fouling deposits are added to the normal flew gas
and can be sampled and analyzed likewise, to get an idea of the
removed particle mass and of the chemical processes proceed-
ing on the fouling of the superheater pipes, above all sulphation.
Those measurements were performed at the measurement point
of the 3rd pass where the aerosol can be sampled which is
re-entrained by consecutive run of three soot blowers. As each
soot blower is active for only some minutes, employment of both
impactor types was not possible, thus besides the APS only the
BLPI was used, as more coarse particles dominated and the re-
suspended matter had to be chemically analyzed. From the mea-
sured additional mass concentration, the particulate mass could
be roughly estimated which was deposited between two soot
blowing runs and then removed by the cleaning. The result—
approximately 55 kg—was in the same order of magnitude
as the mean amount of ash deposition at that bunker, which
was 74 kg per soot blowing interval. The measured chemical
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MEASUREMENT OF HIGH TEMPERATURE COMBUSTION AEROSOLS 7

FIG. 8. Mean size fractionated mass concentration distribution of all 4 passes (all figures standardized to NTP conditions).

composition showed a lower chlorine and higher sulphur con-
tent than the usual values of the 3rd pass, what indicated a
proceeding sulphation of approximately 30% of the deposits
on the superheaters. The time resolved performance of the
measurement system reflected by the APS data is given in
Figure 9.

DISCUSSION
The total dust concentration in the 1st pass, derived from the

experimental data, shows a standard deviation (SD) of 8%. It
was, however, only two times completely measured (2nd pass:
n = 8, SD: 31%; 3rd pass: n = 4, SD: 69%; 4th pass: n = 2, SD:
15%). Thus, taking into account the inhomogeneous fuel and
fire, the value has a higher uncertainty than reflected by the 92%

FIG. 9. Time resolved measurement of particle mass concentration during
soot blowing routine. The reciprocating movement of the 2nd and 3rd soot
blower produces two maxima each.

match of the plant’s records. Additionally, 45% of the total mass
concentration in the 1st pass is represented by the deposits in
the swan neck bend of the inlet. The necessary direction change
of the aerosol flow from vertical inside the boiler to horizontal
inside the probe is a critical point of the sampling principle,
in particular in the 1st and 2nd pass. There a high portion of
the particles are sticky and/or fragile agglomerates of different
particle size. It is therefore neither possible to separate these par-
ticles by use of size fractionating impactors in front of the inlet,
as earlier performed to separate the coarse fraction (Mikkanen
1999), nor is it a simple task to transfer this fraction through the
sampling system even if it could be led around the first bend.
For the present, the inlet design was therefore kept the same and
the deposits were integrated in all analyses. The mass concen-
tration calculated from the inlet content is distributed to all size
fractions according to their mass concentration contribution.

The correlation coefficient of the chemical composition of
superheater deposits and the inlet deposit is 0.98, hence signif-
icantly higher than the correlation of the inlet content with the
size fractions sampled off-stack. Thus, the inlet deposit proba-
bly contains a component that is not detected by the analytical
instrumentation because it is deposited almost completely in
this first bend. Furthermore, the superheater fouling and the
inlet deposit might also be of similar composition because of
their longer exposition to heat, flue gas atmosphere and particle
flow than the particles analyzed by the instruments. Thus, the
similarity may be caused by similar, relatively slow chemical
reactions of the deposits with, e.g., gas phase components.

The described sampling system utilizes the dilution and cool-
ing principles for hot flue gas described before and adapted them
to the more aggressive and unstable raw gas of waste incinera-
tion. Consequently, the sampling method has to face similar con-
densation and nucleation processes of gaseous compounds like
alkali chlorides (NaCl, KCl) or heavy metal chlorides (PbCl2,
ZnCl2), which will occur due to the low vapor pressure of these
compounds. This affects the particle size distribution and the
chemical composition, particularly of the sampled fine parti-
cle fraction (Jensen et al. 2000). Therefore there is a certain
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difference between the sampled particles and the particles ac-
tually present at the respective sampling locations of the plant,
particularly at high temperatures. Consequently, the measured
and analyzed fine aerosol fraction at 300◦C will not be identical
with the in-plant particles at high temperatures concerning size
distribution as well as chemical composition.

The sampling lines and the final dilution by an ejector dilution
cascade affect the sampled aerosol composition by losses due to
inertial impaction, thermophoretic effects and diffusion losses
(Wang 2002), which are difficult to be calculated or exactly ex-
perimentally determined. Currently, all models for estimating
those effects have to assume laminar conditions, which are tried
to be established during the sampling. In reality, however, the
aerosol flow also exhibits turbulent phases and inertial depo-
sition interferes with re-entrainment and with transport of the
deposited particles in horizontal tubes (Auvinen 2003). Labo-
ratory tests are only of limited significance, either, as the real
aerosol can hardly be simulated in the lab. At the current state,
therefore it is reasonable—and in accordance with the current
recommendations of the VDI (VDI-Richtlinie, 1975)—to con-
struct the sampling tubes on a good practical basis and to observe
the real effects during running experiments.

CONCLUSIONS
The sampling system delivered feasible data of both the gas

and the particle phase of the waste incinerator raw gas. From
the results, the aerosols’ changes in size distribution over the
four passes of the boiler could be estimated. The inlet con-
tent has been included to the particle mass balances and a 92%
match of the total dust concentration was achieved. The PTD
probe diluted and cooled the sample aerosol in a smooth way
which was suitable to reduce particle losses and artifacts like
condensation and coagulation inside the probe and the sampling
system. To achieve comparability of the measurements despite
the heterogeneous fuel and unstable fire, all measurements were
synchronously performed by two identical systems at two mea-
surement points. The option of time-resolved analysis, tested at
the soot blowing routine, allows to investigate peak mass con-
centrations of the raw gas and its impact, e.g., on the consecutive
cleaning systems like electrostatic precipitators, to investigate
cleaning effectiveness or clogging behavior (Ferge et al. 2004;
Maguhn et al. 2003).

The measurement system, designed for efficient and stable
application at MSI boilers, still operates with various conceptual
compromises which were discussed and could be addressed for
future improvements.
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