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Abstract

Previous studies have shown that alkali salts influence combustion processes and soot formation, although the effects seem to
vary across systems. Moreover, fundamental studies on the effect of potassium and sodium salts on formation of polycyclic
aromatic hydrocarbons (PAH), which are precursors in soot formation, are scarce. Here, we report a study in which the effects
on PAH formation due to the addition of alkali metal salts (KCI, KOH, K,CO;, NaCl and NaOH) to premixed ethylene—air
flames were investigated. Different size classes of PAHs were probed using both spectral and 2D measurements of laser-
induced fluorescence (PAH-LIF) using the excitation wavelengths 266 nm and 532 nm, while detecting the fluorescence
emission at selected wavelength ranges. Elastic light scattering (ELS) measurements were also used to complement the
fluorescence data. It was found that potassium and sodium salts do not significantly influence the formation of small PAHs
(2-3 rings), while decreasing the concentration of larger PAHs at higher heights above burner (HAB). Another important
result was that the anion in the salt (C1-, OH™, CO32_) negligibly influences the PAH and soot formation processes after

dissociation of the salts.

Abbreviations
ELS Elastic light scattering
HAB Height above burner

LIF Laser-induced fluorescence
LIF266-BP320 Laser-induced fluorescence using excita-
tion at 266 nm and detection at 320 nm

LIF532 Laser-induced fluorescence using excita-
tion at 532 nm

PAH Polycyclic aromatic hydrocarbon

K,CO; Potassium carbonate

KCl Potassium chloride

KOH Potassium hydroxide
NaCl Sodium chloride
NaOH Sodium hydroxide

1 Introduction

The scientific community has been in the quest to deci-
pher soot formation for several decades [1-3]. In recent
years, soot formation related to biomass combustion and
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gasification processes have received increased attention
[4-6] due to the renewable nature of biomass which poten-
tially makes them one of the main contributors in replacing
fossil fuel based (non-renewable) combustion systems. Bio-
mass combustion/gasification systems are complex systems
involving solid fuels (of various sizes), and commonly used
biomass sources such as pinewood, beechwood, wheat straw,
etc. contain substantial amounts of trace elements including
various metals with large variation between feedstock [7,
8]. For example, various biomass feedstocks were found to
have potassium concentrations in the range 300-1700 ppm,
sodium concentrations in the range 20-120 ppm, and chlo-
rine concentrations up to 300 ppm [9].

There have been several studies on the influence of potas-
sium and sodium on soot formation in applied systems, such
as biomass and coal combustion systems [7, 10-18]. For
example, addition of potassium has been found to reduce
soot concentration [7], diminish particulate matter emis-
sions [10] and improve catalytic activity in soot oxidation
process [10-13]. Likewise, sodium addition also showed
catalytic activity for soot oxidation [14, 15], and an increase
in soot yield [15]. However, the effects of addition of potas-
sium or sodium are found to vary across systems. For
example, potassium chloride (KCl) impregnation of birch
wood in a wood stove increased the emission of larger par-
ticles (size ~200-500 nm) while reducing the emission of
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ultrafine particles [16]. In another study, Na addition pro-
moted soot formation at low temperatures while inhibiting
the same at higher temperatures (> 1373 K) [17]. Hence,
there is a motivation for more fundamental understanding of
the underlying soot formation processes, and to get further
insight simplified laboratory scale systems have often been
used in combination with advanced optical/laser diagnostic
methods.

Several fundamental studies have been performed in well-
characterized flames on laboratory burners to investigate
the influence of potassium and sodium on soot formation
[19-28]. Addition of KCl to partially premixed ethylene—air
flames was found to reduce soot volume fraction while show-
ing negligible effects on primary and sub-primary particle
sizes [19]. However, an earlier study showed that addition
of sodium and potassium salts into premixed ethylene—air
flames resulted in smaller soot particles [20]. In another
study, addition of KCl and potassium hydroxide (KOH) pro-
moted the formation of acetylene and benzene, while KOH
also showed an increase in the soot volume concentration
and particle size [21]. Likewise, addition of sodium chloride
to flames have shown varying trends for soot concentration
(increase [22] and decrease [23]) and soot oxidation (promo-
tion [24] and inhibition [25]). Hence, despite these funda-
mental investigations there are still ambiguities in the effect
of trace elements on soot formation.

In our previous work, fundamental studies were per-
formed by aspirating chlorides of various metals (including
KCl1 and NaCl) into sooting premixed ethylene—air flames
(® =2.6) [26, 27]. The techniques laser-induced incandes-
cence (LII), elastic light scattering (ELS), and laser extinc-
tion were used in-situ in the flames along with transmission
electron microscopy (TEM) on sampled soot to study the
effects of these salt additives on soot formation. Addition
of KClI resulted in a significant decrease in soot volume
fraction (f,), while NaCl addition led to a small decrease of
f, at high concentrations. It was also found that while KCl
addition reduced the soot primary particle sizes, NaCl had
a negligible effect. However, the work in [19, 20] does not
uncover the effect of chloride ions (Cl17) in soot formation
(as all the salts were chlorides). In some earlier studies, it
has been shown that chlorine addition tends to increase soot
formation [29, 30]. In addition, some of the effects of salt
addition seem to change with anions (for example, KOH
increased particle size [21]), while some others remain the
same (for example, catalytic behaviour [18]). Thus, to gain
a deeper understanding of the effects of these added salts on
soot formation, it is of great value to perform experiments,
where the anion in the salt is varied. In addition, it is of
great interest to investigate how different salts (with various
alkali metals and various anions) influence in the formation
of polycyclic aromatic hydrocarbons (PAHs), which are con-
sidered as precursors of soot [31].
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Polycyclic aromatic hydrocarbons (PAHs) can be studied
non-intrusively using laser-induced fluorescence (LIF) [31,
32], here denoted as PAH-LIF. PAH-LIF has low specific-
ity as the fluorescence emission from different PAHs are
spectrally overlapping [33], and dependent on excitation
wavelength [34] and temperature [33, 35]. PAHs fluoresce
in a wide range of excitation wavelengths from 250 nm [34]
to 680 nm [32]. Although 266 nm is likely to excite most
of the PAHs irrespective of their sizes [32], larger PAHs
are generally excited by longer wavelengths [36]. In addi-
tion, the fluorescence response of PAHs shift towards larger
wavelengths with increase in their molecular sizes [36—39].
Laser excitation using 266 nm is shown to produce bimodal
signal distribution with a UV peak at~320 nm and a broader
peak in the visible region between 400 and 600 nm [32,
39-43]. PAH-LIF emission in the UV and visible regions
are considered to be, respectively, from small (2-3 rings)
and larger PAH species [39, 40, 42, 44, 45] (and PAH dimers
[46]). Thus, PAH-LIF measurements performed using more
than one excitation wavelength while detecting the signal at
different wavelength ranges can provide information about
the various size classes of PAHs.

The present study is a continuation of previous work [28],
where PAH-LIF measurements on premixed ethylene—air
flames added with KCI1 showed that KCI negligibly influ-
ences the formation of smaller PAHs while decreasing the
formation of larger PAHs. In the present study, the influence
of various potassium and sodium salts on PAH formation
was investigated. Various concentrations of aqueous solu-
tions of five salts (KCl, KOH, K,CO;, NaCl and NaOH)
were aspirated into premixed ethylene—air flames. PAH-LIF
measurements were performed using the excitation wave-
lengths 266 nm and 532 nm while detecting the fluorescence
emission at selected wavelength ranges to characterize dif-
ferent size classes of PAHs. In addition to the investigation
of the effects of K and Na on PAH formation, the influence
of the anion in the salt (C1~, OH™, CO32_) on PAH formation
in sooting flames was also explored in this study.

2 Experimental setup

Investigations reported in this work were performed in pre-
mixed ethylene—air flames (® =2.6) stabilized on a Per-
kin—Elmer burner. This equivalence ratio was chosen to
replicate the reference flame conditions in the study reported
in [26, 27]. In this water-cooled burner, the premixed ethyl-
ene and air pass through a region of a metallic grid 23 mm
in diameter with flow rates of 0.27 1/min and 1.5 1/min (at
273 K and 1 atm), respectively. Meanwhile, co-flow of air
introduced to stabilize the flame passes through a concentric
outer region with a diameter of 45 mm with a flow rate of
9 1/min (at 273 K and 1 atm). Moreover, a stainless-steel
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flame stabilizer was placed 21 mm above the burner sur-
face. A reference case (deionized water) and 1 M, 0.1 M and
0.01 M solutions of KCI1, KOH, NaCl and NaOH prepared
in deionized water were aspirated to the fuel-air mixture.
For K,CO;, 0.5 M, 0.05 M and 0.005 M solutions were pre-
pared to have the same concentration of the metal ions in
the solution compared to the other salt solutions. However,
these concentrations will, respectively, be denoted as 1 M,
0.1 M and 0.01 M in this paper for convenience. The flow
rate of the solutions were ~3 ml/hour leading to a potassium
or sodium concentration of ~600 ppm in the flame for the
1 M case. Flame luminosity images of the reference and the
1 M cases of KCI and NaCl captured using a digital camera
are shown in Fig. la.

A schematic representation of the experimental setup is
given in Fig. 1b. Some important aspects of the setup are
discussed here, while a more detailed description on the
optical setup is given in [28]. PAH-LIF measurements were
performed using Nd:YAG lasers (Quantel Brilliant-b, rep-
etition rate 10 Hz) operated at the wavelengths 532 nm and
266 nm. The laser beams were spatially overlapped using
dichroic mirrors and transformed into thin laser sheets at
the centre of the burner using cylindrical (f= — 40 mm) and
spherical (f= 4+ 500 mm) lenses. The laser sheets illuminated
a region approximately between 1 and 18 mm height above
burner (HAB). To increase the signal intensity without caus-
ing soot incandescence, the 266 nm laser sheet was slightly
defocused to increase the probe volume in the horizontal
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Fig. 1 a Flame luminosity images of the reference and 1 M cases of
KCI and NaCl. b Schematic representation of the experimental setup.
L, Nd:YAG laser; AS, attenuation system; M, mirror; DM, dichroic
mirror; CL, cylindrical lens; SL, spherical lens; B, burner; F, optical
filter; BD, beam dump; detector, ICCD camera or ICCD with spec-
trometer

direction. Fluences as low as~0.004 J/cm? and 0.02 J/cm?
were used for the 266 nm and 532 nm laser sheets to avoid
incandescence contribution from soot.

Two-dimensional PAH-LIF signals were acquired using a
PIMAX 4 ICCD camera equipped with a UV objective lens
(B.Halle, f=100 mm, f#2.0). 2D PAH-LIF signals obtained
using the 266 nm laser excitation (denoted as LIF266 from
now on) were acquired at the wavelength 320 nm. This LIF
signal corresponding to small PAHs (2-3 rings) [40, 42, 44,
45] was obtained using a band-pass filter with central wave-
length at 320 nm having a bandwidth of 40 nm (denoted as
BP320). For the PAH-LIF measurements using 532 nm exci-
tation (denoted as LIF532), a notch filter at 532 nm (N532,
OD>6.0 @ 532 nm, FWHM =17 nm) was used to block the
strong scattering signal from soot. Spatial non-uniformities
of the laser intensities for both the LIF532 and LIF266 cases
were corrected for using the LIF intensity profile from a
Rhodamine—ethanol solution in a cuvette.

Spectral PAH-LIF data was acquired using an Acton
SP-150 spectrometer in combination with the same ICCD
camera and objective lens used in the imaging measure-
ments. Laser wavelength of 266 nm was used for exciting the
PAHs, and for acquiring the fluorescence spectra no optical
filters were placed in front of the detector.

Elastic light scattering (ELS) measurements employed
the same setup as the 2D LIF532 measurements barring a
few exceptions in the signal acquisition part. Instead of the
N532 filter, a band-pass filter at 532 nm (FWHM =3 nm)
was used, which blocked majority of the PAH-LIF signals.
Furthermore, a linear polarizer was used to detect only the
vertically scattered light to even further suppress potential
light interferences.

For the PAH-LIF and ELS measurements, a prompt detec-
tion gate of 30 ns was used. In addition, semi-simultaneously
acquired background luminosity images were subtracted
from the averaged signal images of 300-500 single shots.

3 Results and discussion

The main results are presented as height profiles of the LIF
signal intensity in Figs. 2 and 3. At lower heights there is
a shift in the onset in PAH formation that we relate to the
release of the ions in the salts due to dissociation, and this
part of the profiles will be discussed separately in Sect. 3.4.
Hence initially signal profiles vs height above 5 mm will be
discussed in Fig. 2 and above 8§ mm in Fig. 3.

The LIF signal intensity is detected in two different spec-
tral regions corresponding to different size classes of PAHs,
and the signal intensity in each region is related to the PAH
concentration. For the data presented in Figs. 2 and 3, PAH-
LIF signal intensity profiles along the height direction were
obtained by averaging the 2D PAH-LIF signal intensity
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Fig.2 Laser-induced fluorescence height profiles obtained after laser
excitation at 266 nm and detection at 320 nm for a various concentra-
tion cases of KClI (solid lines) and NaCl (dotted lines) addition along
with the reference case and b 1 M cases of all the salts along with the
reference case

images in the horizontal region over a distance of ~0.5 mm
at the centre of the flame. The 2D images being symmetric
also shows that there was negligible absorption of the laser
energy across the diameter of the flame.

3.1 Excitation at 266 nm—detection at 320 nm

The LIF case corresponding to excitation at 266 nm and
detection in the wavelength range 300 nm—340 nm is here
denoted as LIF266-BP320. Figure 2a shows the signal pro-
files using this detection scheme along the centreline of the
burner (representing small PAHs (2-3 rings) [40, 42, 44,
45]) for various concentration cases of KCI and NaCl salts
along with the reference case. Above 5 mm all signal profiles
overlap within the experimental uncertainties, hence both
salts at all three concentrations negligibly influence the for-
mation of small PAHs at higher HABs in comparison with
the reference case. Likewise, Fig. 2b shows the height pro-
files of 1 M cases of all the salts (KCI, KOH, K,CO;, NaCl
and NaOH) and the reference case. The similarity between
the profiles (above 5 mm HAB) lead us to the conclusion
that varying the anion in the salt does not seem to influ-
ence the concentration of small PAHs at higher HABs. In
our previous study, it was also observed that KCI addition
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Fig.3 Laser-induced fluorescence height profiles obtained after laser
excitation at 532 nm for a various concentration cases of KCI (solid
lines) and NaCl (dotted lines) addition along with the reference case
and b 1 M cases of all the salts along with the reference case

negligibly influence the formation of smaller PAHs (2-3
rings) [28].

In Fig. 2a and b, the PAH-LIF signal intensities show
a fast rise to reach a maximum (at around 2-5 mm HAB),
to subsequently decrease with increase in HAB. One can
observe various delays in the rise in the PAH-LIF signal at
lower HABs for the higher concentration cases of the salts
(Fig. 2a) as well as for different anions in the salt (Fig. 2b).
This behaviour will be discussed in detail in Sect. 3.4.

3.2 Excitation at 532 nm

Figure 3a shows the laser-induced fluorescence signal
after excitation using 532 nm (LIF532) along the centre-
line of the burner (representing larger PAHs [36]) for the
various concentration cases of KCl and NaCl along with
the reference case. In general, the signal starts appearing
at~4-5 mm HAB and increases steadily to attain a maxi-
mum at~7-8 mm HAB. The variation of the LIF532 signal
for the KClI cases were presented in our previous work [28].
The trends in the peak signal intensities for NaCl cases are
similar to those of KCl cases, where the peak PAH-LIF sig-
nal decreased with increase in the concentration of added
salt. However, with further increase in HAB, the signal
intensities of NaCl cases remained near the peak values
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contrary to the signals for the KCI cases which dropped.
Figure 3b shows the LIF532 height profiles of the 1 M case
of all the salts along with the reference case. One interest-
ing observation from Fig. 3b is that at HAB > 8 mm, all the
potassium salts overlap with each other irrespective of the
anion. Likewise, both the sodium salts are found to be over-
lapping on top of each other indicating that the anion in the
salt negligibly influences the formation of larger PAHs. The
authors believe that this is the first study which experimen-
tally shows that the anion in a salt negligibly influences the
formation of PAHs. However, salt addition seems to delay
the formation of larger PAHs as well to higher HABs, and
the delays are different for different salts as will be discussed
further in Sect. 3.4.

3.3 PAH-LIF spectra (excitation at 266 nm)

Figure 4 shows the PAH-LIF spectra at 14 mm HAB
obtained after the excitation at 266 nm for the 1 M cases
of all salts along with the reference case. In the spectra,
one can observe a small peak at~350 nm and a larger peak
at around 550 nm. As reported in the literature, the peak
in the UV region corresponds to small PAHs (2-3 rings)
[40, 42, 44, 45]. It can be seen that the low signal in the
UV region remains fairly unchanged with the addition of
salts, indicating that salt addition does not influence the for-
mation of small PAHs at 14 mm HAB. PAH species such
as naphthalene [33, 35, 38, 41], phenanthrene [34, 35] and
acenaphthalene [37] are found to have fluorescence peaks in
the UV region upon the excitation at 266 nm.

The fluorescence signal in the visible region in Fig. 4 cor-
responds to larger PAHs or PAH dimers [40, 42, 44-46].
For example, benzoperylene, perylene, fluoranthene and
acenaphthalene have peaks in this region [34]. In addition,
dimers of pyrene, benzo(a)pyrene and perylene were also
found to have peaks in the visible region of the spectra [46].
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Fig.4 Laser-induced fluorescence spectra using the excitation wave-
length at 266 nm for the 1 M cases of all salts along with the refer-
ence case at 14 mm HAB

More details on the types of PAHs based on their fluores-
cence emission has been given in our previous work [28].
Observing the visible part of the spectra in Fig. 4, one can
notice that salt addition reduces the concentration of larger
PAHSs. One of the most interesting observations from Fig. 4
is that irrespective of the anions, PAH-LIF spectra of all
potassium salts overlap well with each other, while the same
can be said about sodium salts. This once again suggests that
the anion in our tested salts do not have a significant influ-
ence in PAH formation at higher HABs. Furthermore, with
respect to the reference case, potassium salts show a larger
drop in the PAH-LIF signal intensity in the visible range
when compared to sodium salts. It can also be seen that the
spectral shape in the visible region is fairly unaffected by
the addition of salts.

One can observe a sharp peak in the spectra at 532 nm.
This is due to the soot particles scattering the small com-
ponent of unwanted 532 nm radiation superimposed with
the 266 nm laser beam. The strength of the signal is much
stronger for the reference case compared to the sodium and
even absent for the potassium cases. The decrease in scat-
tering signal for Na salt cases is due to the decrease in soot
volume fraction as observed by Simonsson et al. [26, 27].
However, for the K salt cases, the compounded effect of
decrease in soot volume fraction and decrease in soot par-
ticle size results in an almost negligible scattering peak at
532 nm though measurements were performed using the
same laser settings. It was also verified that the low intensity
532 nm radiation gave negligible contribution to the total
fluorescence shown in Fig. 4.

3.4 Elastic light scattering (ELS)

Elastic light scattering (ELS) from soot is strongly size (d)
dependent, such that it is proportional to d°, and ELS from
soot clearly dominates over ELS from molecules at the
higher heights (> 10 mm) in the studied flames. Figure 5

3
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Fig.5 Variation of elastic light scattering with height above burner
for 1 M cases of all salt cases along with the reference case
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shows the height profiles of ELS signal intensities for the
1 M cases of all salts along with the reference case in log-
lin scale. One of the most interesting results from Fig. 5 is
that irrespective of the anion, the ELS signal profiles of all
potassium salt cases overlap with each other at higher HABs
(HAB = 10 mm). The same can be stated about both of the
sodium salt cases as well. As the ELS signal at higher HABs
is clearly attributed soot particles, it can be implied that the
anion in the salt do not significantly influence even the soot
formation at higher HABs. With respect to the reference
case, potassium salt cases show a larger decrease in ELS
signals than the sodium salt cases. This could be primarily
due to the decrease in soot particle sizes upon the addition
of potassium salts as shown by Simonsson et al. for KCI [26,
27]. However, for the sodium salt cases, the decrease in ELS
signals could be primarily due to the decrease in soot vol-
ume fraction as there was no significant change in primary
particle size [26, 27].

One can also observe high scattering signals at lower
HABs (~ 1-3 mm) for the salt added cases in Fig. 5, which
give ELS contributions at least one order of magnitude
above the reference case. This signal most likely originates
from salt particles formed after the vaporization of the sol-
vent (water), as other potential sources can be ruled out
based on experimental observations. For example, due to
the small transmission range of the band-pass filter used for
ELS measurements (3 nm), the fluorescence contribution
from the PAHs can be neglected. Scattering contribution
from PAH molecules can also be considered to be minimal,
as the trends with HAB for the PAHs seen in Figs. 2 and 3 do
not match with Fig. 5. In addition, this signal could not have
been from soot as soot formation begins at HABs ~4 mm.

We do not fully understand the variation in the observed
delay of the onset of PAH signals for the studied cases in
Figs. 2 and 3. It could possibly be a temperature effect, and
it was found in measurements by Simonsson et al. that the
temperature difference between the 1 M KCI and the refer-
ence cases between the HABs 2—6 mm could be up to 20 K
[26, 27]. However, despite these differences in the delays
for different anions in the salt, the ELS signal intensities
(as well as PAH-LIF intensities in Sects. 3.1-3.3) reach the
same values at higher HABs.

3.5 Discussion

From results presented in Figs. 2 and 3, one can state that
potassium and sodium salts negligibly affect the formation
of smaller PAHs while reducing the concentration of larger
PAHs at higher HABs. This indicates that metal salts act in a
way to hinder the progression of small PAHs to larger ones.
This has been reported in previous studies for the addition
of K,COj; [7] and for KCl in our previous study [28]. In an
earlier study, Elliot et al. [12] found that when biomass was
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impregnated with K,COj;, a significantly larger decrease in
concentration was observed for heavier PAHs (3 rings) when
compared to light aromatic tar (1 ring). However, there has
been some studies which showed contrasting results com-
pared to the present investigation. Addition of potassium
hydroxide (KOH) to lean toluene flames has been shown
to considerably increase solid phase PAHs while slightly
increasing gas phase PAHs [47]. The enhanced PAH forma-
tion is suggested to be due to the partial oxidation of soot in
the secondary flame zone. Furthermore, another recent study
on coal-derived soot showed that Na in pyrolysis gas pro-
moted the aggregation of aromatic compounds, potentially
through Na*—r interactions to increase the soot yield [15].
In yet another study, it was shown that at low temperatures
Na* promoted the aggregation of small PAH molecules,
while inhibited the same at higher temperatures (> 1373 K)
due to the dominance of catalytic effects [17]. This shows
that flame conditions like temperature and local equivalence
ratios significantly influence the chemistry of PAH and soot
formation upon the addition of metal salts.

Another important observation from this study is that the
PAH and soot formation at higher HABs seem to be inde-
pendent of the type of anion in the salt, and seems to depend
significantly on the cation in the salt. In the literature, fun-
damental investigations on the effects of metal additives on
soot and especially PAH formation performed using different
anions in potassium or sodium salts are scarce. In an earlier
study by Mitchell and Miller, it was found that soot burnout
rates were independent of the anion (C1™ and NO32') in the
salt [48]. A study on the effects of metal additives on the
combustion of polystyrene showed that anions such as CI7,
CO,;>~ and NO;*>~ had no detectable differences on the soot
yield [49]. The present study can be useful in improving the
chemical kinetic models related to the influence of alkali
metal additives on soot formation while improving the fun-
damental understanding on this process.

4 Conclusions

In this study, the influence of addition of potassium salts
(KCI, KOH and K,CO3) and sodium salts (NaCl and NaOH)
to premixed ethylene—air flames (® =2.6) has been investi-
gated primarily using laser-induced fluorescence of polycy-
clic aromatic hydrocarbons (PAH-LIF). The main conclu-
sions of this study are:

1. Salt addition negligibly influences the formation of
small PAHs (2-3 rings). Small PAHs were formed at low
HABSs (~ 1-2 mm) and showed a steep rise in concentra-
tion to reach a maximum at ~3—4 mm HAB. The PAH-
LIF signal decreased with further increase in HAB.
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2. Salt addition reduces the formation of larger PAHs, and
increasing concentration of salts successively reduces
the concentration of larger PAHs. Larger PAHs were
formed at higher HABs (~4-5 mm) and reached a maxi-
mum at ~7-8 mm HAB. The reference and sodium salt
cases maintained signal intensities close to their respec-
tive maxima with further increase in HAB, while the
PAH-LIF intensities for the potassium salt cases showed
a decrease.

3. The shape of the PAH-LIF spectra were found to be
unaffected by salt addition.

4. The anion in the salt (C17, OH~, CO5>") was found to
have negligible influence in the PAH and soot formation,
since the height profiles at higher flame heights of all the
PAH-LIF and scattering signals from the potassium salts
overlapped with each other, whereas the same observa-
tion was made for both the sodium salts.
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