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ABSTRACT: In this work, we present rigorous calibration and
assessment of a surface ionization detector (SID) for alkali monitoring
in industrial process gases and compare it to an in situ laser diagnostic
method called collinear photofragmentation and atomic absorption
spectroscopy (CPFAAS). The side-by-side comparison of the time-
resolved alkali concentration was performed in a technical-scale gas
burner seeded with selected alkali salts, corresponding to alkali molar
fractions of 10�100 ppm in the �ue gas. The SID operates at room
temperature and relies on extraction, dilution, and conditioning of the
sample gas, whereas CPFAAS provides in situ molecular data. During KCl
addition, the instruments were in good agreement: 80.1 ppm (SID) and
88.5 ppm (CPFAAS). In addition to the �eld measurements, internal
validation of SID performance parameters (�ow, electric �eld strength,
and �lament temperature) and external parameters (particle size and salt composition) was performed. The di�erence in sensitivity
toward di�erent alkali salts was found to be considerable, which limits the quantitative assessment for a sample gas of unknown
composition. The results demonstrate the capability and limitations of the SID and show that a SID can satisfactory monitor KCl
levels in a process gas over several days of continuous measurements. However, for heterogeneous fuels with de�cient
characterization of the gas composition, the obtained SID signal is di�cult to interpret without supportive diagnostics. The generic
ability of the SID to detect Na and K in both gas and particle phases makes it a valuable complement to alkali diagnostics, such as
spectroscopic techniques.

1. INTRODUCTION
The alkali metals sodium and potassium are among the most
abundant elements on Earth and known to play an important
role in thermal processing techniques as a result of their
volatility and reactive nature. Understanding the alkali
chemistry and key factors that in�uence their behavior has
been desired by researchers for several decades, and the
research has intensi�ed recently as a result of increased interest
in biogenic fuels.1 The partitioning and distribution of alkali
compounds in thermal processes varies widely with fuel
composition, reactor design, temperature pro�le, and other
process parameters. Of these, the fuel chemical composition is
a key factor that in�uences the fate of alkali, where silicate, Cl,
and S are among the most important elements.

Consequently, processing alkali-rich fuels is often considered
problematic as a result of the release and subsequent
condensation of reactive alkali compounds that cause corrosive
damage on industrial equipment. Heat exchangers, catalytic
surfaces, and �lters exposed to alkali compounds easily become
deteriorated by alkali depositions. Alkali compounds may also
interfere with the combustion chemistry and can either

promote or inhibit the fuel oxidation depending upon speci�c
conditions. For example, the presence of volatile alkali
compounds may a�ect the formation of �ue gas pollutants,
such as NOx, SO2, and CO, by either direct reactions or
indirectly by in�uencing the radical pool.2�5 In contrast, alkali
compounds may also have bene�cial e�ects on the thermal
conversion of carbon fuels by increasing the conversion
kinetics and reducing the level of unconverted hydrocarbons.6,7

For example, various additions of alkali metals have been used
to increase commercial gasi�cation processes for both coal and
biomass.8 However, the mechanisms and reaction chains are
not yet fully determined. Furthermore, available kinetic models
rely on several assumptions with the lack of direct measure-
ments for some of the alkali reaction steps.
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The alkali-related research has, to some extent, been limited
by the lack of adequate alkali diagnostics. The harsh
environment and opaque gas streams have limited the ability
to apply sensitive equipment and perform detailed inves-
tigations, in particular, at large-scale facilities. However, in
recent years, a number of novel alkali measurement techniques
have evolved,9,10 and the availability and simplicity of
established techniques have increased. This has led to a
major increase in detailed alkali research, and numerous
studies are to be found in the literature. One of the non-
commercial measurement methods found in the literature is
surface ionization (SI).

SI is commonly used to create a highly e�cient, well-
characterized ion source11 for mass spectrometry applica-
tions.12 The principle was applied by the University of
Gothenburg to develop a surface ionization detector (SID)
for quantitative alkali measurements used for atmospheric and
fuel processing research.13�16 The simplicity, high selectivity
toward alkali atoms, and wide measurement range are the main
advantages with SI techniques. The simple and low-cost SID
has been developed and applied by other research groups for
combustion and gasi�cation research.17�19 Several SI studies
are available in the literature, and the applicability of the
methodology for alkali-containing aerosols has been proven.
Most of the reported work has been made by the University of
Gothenburg15,20 and includes the development, optimization,
and calibration, which are the initial steps in the development
cycle of a new analytical technique. The key feature of SI-based
analytics is the metal �lament, where alkali compounds melt,
dissociate, and desorb. The physical properties of Pt (low
oxidation potential and low work function) make it an ideal
candidate for continuous alkali monitoring, although several
di�erent �lament materials and geometries have been explored.
A few di�erent cell designs have been described.13,17,18,21�23

The most common application uses a Pt spiral encapsulated in
metal housing at room temperature and atmospheric pressure,
where the sample gas is directed. To control the �ow pattern
and increase the amount of alkali particles that interact with
the �lament, di�erent cell designs have been evaluated.
Davidsson et al.13 use a Pt wire mounted in the measurement
cell, in which the sample gas is expanded to increase the
turbulence and, thereby, the interaction between the alkali
particles and the Pt metal. Gogolev et al.19 use a Pt wire across
a laminar sample �ow to reduce the in�uence of various �ow
patterns to increase stability and robustness. Wellinger et al.17

use a grid of Pt wire to obtain a uniform alkali�Pt interaction.
Other applications use a heated measurement system to avoid
challenges associated with extraction and dilution. Recently, Ji
et al.18 used a Pt �lament inserted in the gas �ow, as a probe, to
continuously measure Na and K. Furthermore, a SI technique
has been developed to enable discrete measurements of Na
and K, by rapidly reversing the electric �eld.10 The feature may
be added independent of the design, however, with increased
complexity and reduced time resolution (0.1 Hz compared to
>1 Hz). The quanti�cation of a SI ion signal has been
performed with side-by-side measurement of pure alkali salt
aerosols, using commercial aerosol diagnostics to obtain the
mass concentration per volume. This calibration procedure has
inherent uncertainty factors associated with the aerosol
generation and the particle morphology and density. There-
fore, it is of interest to perform comparative �eld measure-
ments using a SI-based instrument alongside an independent
alkali analytical technique, such as optical spectroscopy.

Laser diagnostics enable online in situ monitoring of alkali
species in high-temperature process gases, as extensively
reviewed by Monkhouse.24 Photofragmentation and laser-
induced �uorescence (PF�LIF) has been applied in alkali
species monitoring and imaging in laboratory-scale burners and
small-scale combustion units.25,26 However, its application to
industrial-scale units has been challenging. In contrast, tunable
diode laser absorption spectroscopy (TDLAS) has been widely
applied in di�erent scale reactors for alkali monitoring.27,28

TDLAS detection capability is limited to atomic alkali species
that restrict alkali analysis in general in process gases.
Molecular alkali species have been monitored using di�erential
optical ultraviolet absorption (UV-DOAS)29 and collinear
photofragmentation and atomic absorption spectroscopy
(CPFAAS).30 As a result of the overlapping spectra of alkali
chlorides NaCl and KCl and hydroxides NaOH and KOH,
respectively, UV-DOAS provides information mainly on the
total alkali species content. CPFAAS is capable of distinguish-
ing between potassium and sodium species. Recently, a
photofragmentation method was combined with the TDLAS
method, enabling simultaneous monitoring of atomic and
molecular potassium species in high-temperature process
gases.31

While some of the optical methods are calibration-free, other
methods require internal calibration using reference samples.
In this process, the performance characteristics, commonly,
working range, selectivity, trueness, precision, and limit of
detection, are examined and optimized. Because no alkali
measurement standard is commercially available, each
laboratory must produce its own, which generates ambiguities
and di�culties to compare studies within the �eld. To increase
the level of con�dence for a given analytical technique,
comparative measurements with a separate analytical techni-
que, often referred to as collaborative studies, are preferred.32

However, a direct comparison of di�erent alkali analytical
techniques may be di�cult, owing to the signi�cant di�erences
between the available measurement principles. Consequently,
external validation studies of alkali analytical techniques are
scarce. Monkhouse et al.21 performed simultaneous alkali �ue
gas monitoring with SI and photofragmentation �uorescence;
however, the investigation focused on alkali phase discrim-
ination in the parts per billion (ppb) range, using the systems
as complements rather than a strict comparison. Moreover,
comparing extractive methods to non-intrusive in situ measure-
ments may shed light on the di�culties with extraction and
conditioning a gas sample containing either alkali vapors, alkali
aerosols, or their mixture. Most extractive methods require
signi�cant dilution and cooling and, therefore, su�er from
artifacts that may be di�cult to correct.33,34

In this study, emphasis is put on SID calibration and
di�erences in signal sensitivity to di�erent alkali molecules to
assess the analytical abilities of SID to operate on industrial
process gases containing various alkali species. Furthermore, an
alkali-seeded technical-scale gas �ame was simultaneously
characterized by two independent alkali-monitoring systems:
SID and CPFAAS. SID detects a signal proportional to the
molar concentration (ppm) of alkali in the extracted sample
gas, while the CPFAAS captures in situ the molar fraction of
KCl and KOH molecules in the gas phase. This arrangement
enables the evaluation of the SID extraction system and
evaluates if a stand-alone SID can provide reliable alkali
diagnostics under varying process conditions.
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2. EXPERIMENTAL SECTION
2.1. Facility and Instrumentation. The tests were performed in

the Chalmers 100 kW combustion unit, described in detail
elsewhere.35,36 The reactor is cylindrical with a diameter of 0.8 m,
and measurement ports are located at seven di�erent distances along
the vertical �ame axis on four sides of the unit. The temperature
pro�le is measured with suction pyrometry with a maximum of 1750
°C in port 2 and thereafter decreasing to 750 °C in port 7. Propane
was used as fuel, with � of 1.15 and with a resulting �ue gas
composition composed of 11.8 vol % CO2 (dry), 2.95 vol % O2 (dry),
and 14.6/13.6 vol % H2O, for operation with and without liquid
injection, respectively. The used operating conditions are consistent
with established conditions used in previous work, in which a detailed
temperature pro�le and gas composition are available.5 Alkali salts are
injected as a liquid, and the �ow rate is set and monitored using a
pump (delta 1612, ProMinent). To achieve a stable reference
concentration, 0.9 L h�1 KCl(aq) with a concentration of 3.34 wt %
was injected, which corresponds to 100 ppm of KCl in the �ue gas,
assuming complete combustion and that all injected KCl remains as
KCl. The concentration was varied by adjusting the concentration of
the injected liquid while keeping other parameters constant. For KCl,
the concentration is controlled over time by a hand-held digital
refractometer (PAL-49S, Atago) to ensure constant conditions.
Similar experiments have been performed in previous research, and
the conditions are well-de�ned. A schematic of the combustion
system and the measurement points are given in Figure 1.

The SI technique has been demonstrated in previous studies and
applied in industrial applications, such as combustion, gasi�cation,
and chemical looping processes.13,17,22,23,37 A detailed description of
the methodology can be found elsewhere.20 In brief, the sample gas
�ows through a chamber with a hot metal surface, where a fraction of
the aerosol particles impinges, decomposes, and desorbs as a result of
the high temperature (typically �1500 K). The selectivity toward
alkali atoms is very high as a result of their low ionization potential.38

Thus, the corresponding ion signal is proportional to the amount of
alkali atoms present in the sample gas. The SID used in this study has
previously been used in chemical looping research.23

To obtain a mass concentration (mg/m3) of alkali, the observed
ion signal is calibrated using the aerosol mass concentration measured
by a scanning mobility particle sizer (SMPS) system (TSI 3082)
consisting of a di�erential mobility analyzer (TSI 3081) and a
condensation particle counter (TSI 3750) using a soft neutralizer
(TSI 3088). The test aerosol was generated with a constant output
atomizer (TSI 3076), and the gas stream was diluted with nitrogen
gas before being split and directed to the two instruments. A similar
setup has been used in previous investigations,10,22 and both the

SMPS and atomizer are well-characterized commercial units.
However, to convert the measured number concentration to a mass
concentration, both the particle shape and density are required.
Consequently, these factors are key uncertainties during the
calibration procedure. The synthesized aerosol is generated from
separate aqueous solutions containing the following alkali salts (used
as received): KCl, K2SO4, KNO3, and KOH. The solution is atomized
in such a way that large particles are removed by impaction, whereas
smaller droplets escape via the gas stream and pass through a di�usion
drier where the liquid is removed. The remaining salt residue
crystallizes and constitutes the aerosol particles used for calibration.
The stability of the generated aerosol was veri�ed by two independent
SMPS systems used in parallel.

In addition to the �eld measurements, some of the inherent SID
parameters (temperature, �ow rate, and electric �eld strength) were
individually assessed in a controlled environment. The �lament
temperature has a signi�cant in�uence on the generated ion signal,
and its surface temperature is measured by an optical pyrometer
(Optris CT). During the �eld measurements, the temperature is
manually controlled by ohmic heating using a 5�6 A current. The
operating temperature was set to 1150 °C to increase longevity of the
wire. The sample �ow rate through the SID unit is 0.5 liter per minute
(lpm) and controlled by a mass �ow controller (MFC, Bronkhorst,
0�5 lpm range). A positive voltage between the �lament and detector
plate is generated by a separate voltage supply. The strength of the
generated electric �eld is controlled by altering the electric potential.
The instrument settings used for the SID during the comparative
measurements are given in Table 1.

In addition to the SID, �ue gas KCl and KOH concentrations were
monitored using a laser-based in situ alkali measurement method
called CPFAAS.30,39 The laser light line of sight passed the center of
the combustor (10 cm away from the SID sampling point), providing
the average KCl and KOH concentrations over the measurement line
of sight of port 7. Similar measurement arrangements were previously
demonstrated by Viljanen et al. in a coal-�red pilot-scale combustor.40

The atomic potassium probe laser emitting at the potassium D2 line
at 766.5 nm is wavelength-modulated with a 10 Hz sawtooth pattern

Figure 1. Schematic illustration of the Chalmers 100 kW combustion facility with deployed diagnostics. The laser beam and SID probe are inserted
perpendicular to each other.

Table 1. SID Settings Used during the Measurements

parameter value

�lament temperature (°C) 1150
sample �ow rate (lpm) 0.5
bias voltage (V) +300
data collection rate (Hz) 1

Energy & Fuels pubs.acs.org/EF Article

https://doi.org/10.1021/acs.energyfuels.1c03205
Energy Fuels 2021, 35, 20160�20171

20162

https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c03205?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c03205?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c03205?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c03205?fig=fig1&ref=pdf
pubs.acs.org/EF?ref=pdf
https://doi.org/10.1021/acs.energyfuels.1c03205?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


to sweep across the line to enable tuning of the measurement
sensitivity. The modulation wavelength was monitored by recording
the temporal transmission of the probe beam wavelength through a
reference potassium cell (SC-K-19375-Q-W, Photonics Technolo-
gies). The pulsed fragmentation lasers emitting at 266 nm (FQSS-
266-200, CryLas GmbH) and 355 nm (Ultra Big Sky series, Quantel)
were timed with the probe laser wavelength sweep, so that the probe
beam absorption cross section corresponded to �K,266 = 3.51 × 10�17

m2 and �K,355 = 6.62 × 10�17 m2, respectively. The potassium D2 line
shape in the �ue gas conditions was determined by injecting 100 ppm
of KNO3 to the �ame that resulted in a free atomic population to the
level of port 7 that could be detected in the temporal probe beam
transmission signal. Because the particle load is low during these
measurements and the laser unit and detector unit distance was only
around 2 m, the laser beam sizes could be adjusted to be small in
diameter without compromising the beam transmission through the
unit or facing problems with beam divergence. Thus, the pulsed laser
beams at 266 and 355 nm had diameters of 11.5 and 5.5 mm,
respectively. The temperature at the measurement level is
approximately 800 °C. Therefore, the KCl and KOH absorption
cross sections for fragmenting laser pulses used in this work are
�KCl,266 = 0.74 × 10�21 m2,41 �KOH,355 = 0.15 × 10�21 m2,39,42 and
�KOH,266 = 0.1 × 10�21 m2.39,42,43 The precursor molecule
concentration Xprec is computed using eq 1 that takes the extinction
of the fragmenting beams into account44

( )
X L

A
E L

hc kT
p

1 ln

1

E
E

E
E

prec max
f

in f K prec

in

out

out

in

�
�� � �

=
� (1)

where �Lmax, Af, Ein, L, h, c, �, �f, k, T, p, �K, �prec, and Eout are the
maximum increase in the probe beam absorptivity after the
fragmenting laser pulse, the area of the fragmenting beam, the energy
of the fragmentation laser pulse at the furnace input, the interaction
length of the beams and the sample, i.e. the furnace diameter, in this
case, Planck’s constant, the speed of light, the photofragmentation
e�ciency, the fragmentation wavelength, Boltzmann’s constant, the
sample temperature, the sample pressure, the absorption cross section
of potassium, the absorption cross section of the corresponding
precursor molecule, and the energy of the fragmentation laser pulse at
the furnace output, respectively. The photofragmentation e�ciency is
assumed to be unity for both KCl and KOH.

2.2. Extraction, Conditioning, and Dilution. A temperature-
controlled probe was used for extracting sample gas from port 7. The
probe has several small openings around the inlet to dilute and
quench the sample gas immediately as it �ows into the probe. The
sample gas was diluted and rapidly cooled immediately at the probe
tip inlet with an over�ow of dilution gas, i.e., a higher �ow of nitrogen
gas compared to the suction, to achieve a rapid aerodynamic
quenching. The idea is to create a “sea” of cold inert dilution gas that
quenches and dilutes the sample as well as covers the inner walls of
the probe. Part of the hot process gas will blend with the nitrogen gas
and be transported/embedded by the dilution gas toward the
instruments. A simpli�ed illustration of the �ow in the probe tip is
given in Figure 2. The extraction principle has been used in previous
research, and Jiminez et al.33 found the aerodynamic quenching
method to be favorable for extraction of condensable vapors in
comparison to other techniques. The probe has been used in previous
aerosol research.37,45 The probe temperature was controlled to 150
°C by an external heater/cooler during the measurement. To examine
the amount of deposition losses, the probe was rinsed with puri�ed
water before and after each day. The probe rinse was diluted 20 times
and analyzed with inductively coupled plasma mass spectrometry
(ICP�MS, Thermo iCAP Q), and signal intensities for elemental
mass were analyzed with ICP�MS (Thermo iCAP Q) and inductively
coupled plasma optical emission spectrometry (ICP�OES, Thermo
iCAP 6500) for elements in the ppb and parts per million (ppm)
ranges, respectively. For both methods, three readings of signal
intensities were made to give an average value with standard
deviation. Standards were prepared from either 10 or 1000 ppm

certi�ed elemental standards (Ultra Scienti�c, VHG Laboratories, and
CPA Chem). The standard series were prepared in two versions: one
with a blank solution diluted 20 times for use with the samples and
one without any blank addition. The blank background concen-
trations were evaluated from the di�erence in calibration curve
intercepts for the two series, and detection levels as 1� error of the
intercepts.

Downstream of the probe, a porous cylinder diluter was used to
further dilute the sample gas with nitrogen gas before it was split to
the di�erent instruments. At this point, alkali vapors have transformed
to aerosol particles by either homogeneous nucleation or
condensation and subsequent agglomeration.46 The porous diluter
reduces wall depositions and allows for adjustable �ow rates, which
can be used to �ne tune the total dilution ratio.47 Both dilution �ow
rates were controlled by MFCs (Bronkhorst EL-Flow Prestige).

To determine the dilution ratio, CO2 levels of the diluted sample
was measured (LI-COR LI-850) and compared to the CO2
measurements of the undiluted gas. The undiluted CO2 concentration
was measured with a Fourier transform infrared spectroscopy (MKS
MGS3000) extracted downstream of port 7. The CO2 concentration
was also measured in port 7 to ensure even distribution and a
representative concentration in the downstream port. The accuracy of
the CO2 analyzers is <1.5 and <0.5% of the reading for LI-COR and
FTIR, respectively. The uncertainty in the CO2 measurement will
directly contribute to the total SID measurement error during �eld
measurements.

3. RESULTS AND DISCUSSION
3.1. Calibration and Assessment of SID Properties.

The variability of key inherent parameters used in the
analytical procedure was assessed to understand how they
in�uence the ion signal. The �lament temperature, sample �ow
rate, and electric �eld strength were individually varied, while
other parameters were kept constant. The relative error of each
parameter was combined, assuming independence, and used to
represent the random error, e.g., the precision of the
instrument. Throughout the calibration, the synthesized
aerosol was monitored with two SMPS systems to ensure the
stability of the aerosol generation.

To investigate the e�ect of the Pt surface temperature, the
heating current amperage was varied to generate a surface
temperature of 700�1200 °C. Figure 3 shows the obtained ion
signal (nA) per potassium mass concentration (�g m�3). For
KCl and KNO3, a steady signal increase is observed from
around 800 to 1125 °C. Thereafter, the signal decreases until
around 1160 °C, where it again shows a positive correlation
with the Pt temperature. The reason for the signal reduction at

Figure 2. Cross-sectional drawing showing the tip of the particle-
sampling probe used in this work. The green arrow indicates the
sample �ow through the probe inlet. The blue arrows represent the
inert dilution gas (N2), and the orange arrows indicate the �ow of
thermal oil to control the probe temperature. This �gure was
reproduced with permission from ref 37. Copyright 2017 Elsevier.
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1125 °C could not be attributed to any single SID instrument
parameter or properties of the salts used. Because this signal
reduction is consistent and repeatable, it does not impede the
measurement function of the instrument and was accepted as
an inherent attribute of the instrument. For K2SO4, only a
minor signal is detected up to around 1050 °C. Above 1050
°C, a steady increase of the ion signal is observed. It is known
from previous investigations that the higher thermal stability of
alkali sulfates limits the ionization at lower temperatures,
resulting in lower signal intensities per alkali mass concen-
tration.10 The low KOH signal is somewhat surprising and is
discussed in further detail below. Note that the amplitude of
the signal intensities (nA/[K]) is quanti�ed on the basis of the
shape and density assumptions required to quantify the aerosol
mass concentration, discussed in further detail below. Never-
theless, it does not in�uence the shape of the obtained ion
signals.

The results suggest that the surface temperature may be used
to separate some of the species by simply adjusting the
�lament temperature. The selection of a suitable �lament
temperature depends upon the application and sample
composition. Aging e�ects of the Pt �lament should also be
considered, where a higher surface temperature reduces the
lifetime of the �lament by increasing the oxidation rate. During
�eld measurements, the observed �lament temperature varies
with discrepancies in the heating current and sample gas �ow
rate. Throughout the �eld measurements, the mean temper-
ature was 1157 ± 4.7 °C, which corresponds to a variation in
the ion signal of ±0.9% for KCl.

The e�ect of sample �ow was investigated by changing the
MFC �ow rate and manually adjusting the heating current
amperage to keep a constant �lament temperature. The result
of the �ow rate investigation is presented in Figure 4. As seen
in the �gure, a linear relation with a slope coe�cient of 1.02
and intercept of 0.07 was found between the ion signal/[K]
and �ow rate (lpm), as expected given the increased amount of
analyte passing through the measurement cell. The signi�cant
non-zero intercept indicates a deviation from linearity at �ow
rates of <0.3 lpm, which is also seen by the deviation from the
nominal value. During operation, a �ow rate of 0.5 lpm was
used, to increase the longevity of the �lament. Increasing the
�ow rate generates a higher ion signal; however, it requires a
higher heating current amperage and may therefore reduce the
lifetime of the �lament. The accuracy of the mass �ow rate is
±1.5% (provided by the manufacturer), which represents a
measurement error of ±1.5% based on the established linear

relation. However, variations in the �ow rate would also
propagate to the �lament surface temperature as a result of the
change in heat transport. The extent of the uncertainty factor
interaction was not investigated further.

To investigate the e�ect of the electric �eld potential, the
bias voltage was altered between +150 and +500 V, and the
result is given in Figure 5. The bias voltage creates the electric

�eld in which the generated ions are repelled from the �lament
surface, where a fraction impacts the collector plate. The
maximum ion signal for both investigated salts was around
+200 V, where 9.0 and 1.7% of the potassium atoms entering
the SID reach the collector plate for KCl and K2SO4,
respectively. The reason behind this relation is not clear, and
the electric �eld and ion �ow pattern have not been
investigated further. During �eld measurements, the electric
potential was controlled to +300 V by an external voltage
supply and monitored with a multimeter. The variation in
electric potential was ±1.7%, which corresponds to an ion
signal variation of ±0.8% for KCl.

Combining the relative errors from each parameter gives an
estimated precision (for pure KCl aerosols) according to

Figure 3. In�uence of the �lament temperature on the ion signal per
mass concentration of potassium, for selected alkali salts.

Figure 4. E�ect of the sample �ow rate using a constant KCl test
aerosol. The Pt surface temperature was kept constant (1150 °C) by
adjusting the heating current through the �lament. A linear relation
(solid line) was obtained by least squares regression illustrated
together with the theoretical relation (dashed line).

Figure 5. SID ion signal per mass �ow of K as a function of bias
voltage using a steady �ow of KCl and K2SO4 aerosols. The signal
intensity reaches a maximum at around +200 V.
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