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� Experimental investigation on Molten Carbonate Fuel Cell.
� Artificial dust injected into cathode channel.
� Increase in the cathode side pressure drop is observed.
� No change in electrical behavior of the fuel cell.
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a b s t r a c t

The paper presents initial research on processes present on the cathode side of Molten Carbonate Fuel
Cells (MCFC), when the supplied gas is an aerosol containing solid particulate matter. The research is
based on experiments conducted at the Institute of Heat Engineering of Warsaw University of Tech-
nology. The main task is to determine whether and to what extent solid particles disable or hinder the
operation of a molten carbonate fuel cell. It is thought that they might change the penetrability of porous
layers by clogging their void volumes. Under investigation are the sizes and amount of solid particles
required to significantly affect the processes occurring on the triple phase. Experimental investigation
was conducted that determined the change in operational parameters due to dust contamination. Sur-
prisingly, there is no sudden drop in the electric parameters of the fuel cell subject to dust poisoning.
Supposedly, the dust creates a porous, permeable to gases, structure on the electrode. The only varying
parameter was the pressure difference between the inlet and the outlet to the cathode.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Molten Carbonate Fuel Cells are considered as a CO2 emission
mitigation technology both from the fact that they are highly effi-
cient, with the electric and total efficiencies reaching 45% and 90%
respectively, and due to the reason that for their proper operation a
constant flowof carbon dioxide is required on their cathode side. To
operate, an MCFC requires transportation of carbonate ion CO2�

3
through the electrolyte. This is achieved by feeding CO2 to the
cathode, where it reacts and flows as CO2�

3 to the anode. There,
after subsequent catalytic reaction with hydrogen, it becomes car-
bon dioxide once again. After removing unused fuel (e.g. com-
busting it in oxygen environment) and water vapor, CO2 may be
at).
transported as pure gas to the storage point or for further pro-
cessing. An MCFC may be in simplification compared to a filter
allowing exclusive flow of CO2. This phenomenon led to numerous
experimental and numerical investigations in various laboratories
in the world on the use of molten carbonate fuel cells as the
separator of carbon dioxide from flue gases of conventional power
plants and in other processes. Some work was done previously by
our group which included developing of a simplified model of the
molten carbonate fuel cell to incorporate it in larger models [1],
modeling and computational analysis of CO2 separation [2] and
experimental work on several aspects of CO2 separation by molten
carbonate fuel cells [3e5]. The idea of adopting a molten carbonate
fuel cell to reduce CO2 emissions was developed by Campanari [6].
In this paper he proposed using molten carbonate fuel cells for
retrofitting conventional power plants. A combination of a steam
cycle with an MCFC section with approximately 70/30 respective

mailto:rafal.bernat@itc.pw.edu.pl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpowsour.2017.04.046&domain=pdf
www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
http://dx.doi.org/10.1016/j.jpowsour.2017.04.046
http://dx.doi.org/10.1016/j.jpowsour.2017.04.046
http://dx.doi.org/10.1016/j.jpowsour.2017.04.046


Table 1
Examples of flue gas compositions [11].

Component Hard coal Lignite Oil Natural Gas

O2, vol. % 2.5e10 5 2e6 1e5
CO2, vol. % 11e16 10e14 8e10 6e8
N2, vol. % balance balance balance balance
H2 O, vol. % 5e10 16e20 2e6 3e8
NOx, vol. % 0.1 0.1 0.06 0.05
SO2, ppm <2000 <2600 <1000 0
SO3, ppm 11 40 <6 0
dust, mg/m3 50e150 50 0.05e0.3 0

Bold signifies the amount of dust produced by various generation technologies.

Fig. 1. a) Speed of migration of charged particulate matter in an electric field. The
results are for a theoretical example, the trend stays the same, however the values
could differ. b) Size distribution of particulate matter present in the duct downstream
from a coalefired boiler and upstream of an electrostatic precipitator [35].
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energy input ratio could lead to global CO2 separation efficiency of
77%. A few years later Campanari et al. [7] investigated the possi-
bility of separating CO2 from combined cycles integrated with
Molten Carbonate Fuel Cells. The outcome was that CO2 reduction
can reach 80%, whilst electrical efficiency remains practically un-
changed with 17% of MCFC power contribution. Amorelli et al. [8]
performed a single cell experimental research altogether with
conceptual carbon dioxide separation analysis in which they ob-
tained the prognosed emission reduction of 50%. Chiappini et alia
[9] analyzed the extraction of CO2 present in the flue gases of
conventional energy systems by means of MCFC. Two cases were
analyzed, one including a natural gas ICE and the other with a gas
turbine. The outlet of the conventional device was directed to the
MCFC cathode. Combining the fuel cell with both engines led to
very low carbon dioxide emissions in the range of 0.219e0.314 CO2/
kWh. Authors in Ref. [10] compared an MCFC based, carbon dioxide
separation technique with an amine system trying to outline the
main differences and challenges. Two cases were analyzed: a nat-
ural gas combined cycle plant and a coal power plant. Lately, Dis-
cepoli et al. [11] presented experimental and modeling results of
combining a coal power plant with the natural gas fueled molten
carbonate fuel cell. It was proven that MCFCs may be flexibly used
as CO2 concentrators without performance penalty. Roshandel and
others [12] applied a multieobjective optimization analysis to
investigate the reduction of CO2 emissions from exhaust gases. The
objective functions were: minimization of the electricity cost and
minimization of the carbon dioxide emissions. They obtained
almost triple reduction of CO2 emission and additional reduction of
the system operating cost due to generated electricity. Emission
reduction from the second largest CO2 emitting sectordcement
plants was analyzed in Ref. [13]. Results showed promising emis-
sion mitigation with additional electricity generation from the
MCFC and an organic Rankine cycle. The proposed layout allows for
ca. 30%e75% emission reduction. Carapellucci et al. [14] analyzed
carbon dioxide emission reduction for a natural gas combined cycle
by retrofitting it with anMCFC system. Several cases were analyzed,
both with and without a carbon capture system. The maximum
obtainable carbon capture ratio was equal to ca. 85%. Desideri at al
[15] performed an analysis of pollutants from cogeneration and
district heating systems focused on CO2 separation by MCFC. The
aim was to identify the optimal operating conditions of the cell in
order to achieve the maximum removal efficiency. Possible retro-
fitting of existing power plants with an MCFC carbon dioxide sep-
aration system was analyzed in Ref. [16]. The results proved that it
is feasible to operate the MCFC to concentrate a simulated gas
turbine flue gas, however the voltage drop due to low CO2 content
in the flue gases may restrict its flexibility. The authors of paper [17]
provided a feasibility and profitability comparison between regular
CHP technologies and an MCFC plant with carbon dioxide seques-
tration. They stated that, should capital expenditures be decreased,
there may be an optimistic viewpoint regarding profits from this
kind of investment.

Molten Carbonate Fuel Cells have already been proven - both
mathematically and experimentally - to be capable of separating
carbon dioxide, and some modeling research results have shown
that operation in this manner could keep plant efficiency at nom-
inal levels or, in some cases, increase the whole system fuel
efficiency.

It should be expected that, if this kind of system will be devel-
oped, some issues related with cathode poisoning by compounds
present in the flue gases would arise. So far, unlike for solid oxide
fuel cells, where there is more research effort, there was little
attention focused on contamination of molten carbonate fuel cells
in general. Some work was inclined towards sulfur contamination
of both the anode and the cathode sides. Several articles on sulfur
poisoning, mainly focusing on the anode and its poisoning with
biogas originated hydrogen sulfide, may be found in the literature
[18e23]. Catalysts for abatement of H2 S in the feed of molten
carbonate fuel cell anode were characterized in Ref. [24]. There was
also some work done towards sulfur cathode poisoning. Di Giulio
et al. [25] conducted a systematic experimental campaign showing
the influence of sulfur dioxide on molten carbonate fuel cells. The
poisoning mechanism proposed in the literature was confirmed
and it was proved that SO2 migrates to the anode to form H2 S thus
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poisoning the cell. Analogous proofs were described in few other
papers [26e28].

A very thorough compendium of mechanics of gasesolids hor-
izontal conveying systems was presented in Ref. [29]. The authors
describe all the possible flow regimes and their characteristics.
They also summed up the conditions needed for their occurrence.
Should a molten carbonate fuel cell system with dust contamina-
tion be designed, the paper could serve as a good basis for initial
analyses.

There is little reference directly regarding solid particulate
poisoning of fuel cells. Fuel Cell Handbook (Seventh Edition) [30]
turns attention to the potential effect of particulate on the Molten
Carbonate Fuel Cell e plugging of gas passages. The research
however was focused on the anode side as it was stated that
gasified coal would be the most common fuel for MCFCs. Among
others, it gives a value of dust limits in the gas supplied to the
molten carbonate fuel cell. They are based on results presented in
Fig. 2. a) Microscopic view of ash produced in the complete combustion of lignite. A large c
then condensed inclusions forming agglomerates. c) Microscopic view of carbon black vola
Refs. [30] and [31] and equal to less than 0.1 g/l for large particu-
lates. It is also stated that the particulate could block the anode
surface. The above mentioned tolerance limit is determined for
particulates larger than 3 mm in diameter. These papers however do
not explicitly explain the phenomenon. Their focus was on solid
particles present in the anode flow that might be present due to the
coal gasification process. Solid particles were supplied to the cell,
however reaction took place at the anode due to the selected dust
contaminantdzinc oxide. As a result, themain hypothesis implying
that the electrode pores would be clogged was neither confirmed
nor rejected. Another aspect is the fact that in the last 30 years the
materials for MCFC have changed significantly, including electrode
porosity, their chemical composition and mean pore diameters.

In Ref. [32] solid particulate was briefly mentioned, mainly
theoretically. The authors stated that dust contamination could
lead to deposition and plugging of passages as well as decrease of
pressure on one of the sides of the cell, what eventually could lead
enosphere with many smaller spheres is visible b) Ash generated from evaporated and
tile [35].



Table 2
Main components of MCFC.

Component Feature Solutions

Anode Material Ni/Cr, Ni/Al., Ni/Al/Cr
Mean pore size, mm 4e6
Porosity, % 50e60
Thickness, mm 0.5e0.9

Cathode Material NiO (Li)
Mean pore size (metallic), mm 7e12 (10e15)
Porosity (metallic), % 40e45 (55e65)
Thickness, mm 0.5e1

Matrix Electrolyte (Li2CO3)0.62(K2CO3)0.38
Material LiAlO2

Mean pore size, mm z1e3
Porosity, % 50e60

Fig. 3. Microscopic view of: a) metallic Ni cathode for Molten Carbonate Fuel Cell, b)
conditioned lithiated NiO cathode that was used for the tests.
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to alteration of its operation conditions.
McPhail et alia in Ref. [33] presented that the tolerable limit of

particulates in MCFC operation was between 10 and 100 ppm and
that the potential undesirable effects would be their deposition and
plugging of passages.

The goal of the experimental work presented in this paper is to
begin filling this knowledge gap. It tries to answer the most
compelling question, whether the presence of volatile particulate
will clog the pores. Answering this question is mostly interesting
from the point of view of potential application of molten carbonate
fuel cells in a carbon capture and storage system. The solid particles
that are present in the flue gases of modern coal power plants are
mainly mineral inclusions and it is thought that this mechanism
might be the main fuel cell degradation reason.

Typical compositions of the flue gases from various sources are
presented in Table 1. The sources of dust in flue gas are the un-
burned compounds contained in fossil fuels [34]. Although the
exhaust gases are dedusted, they are not entirely purified of certain
quantities of small solid particles, which mainly form as:

� ash (mainly minerals)
� postepyrolysis particles

If a molten carbonate fuel cell plant was used for carbon dioxide
separation Fig. 1a) shows the usual distribution of charged partic-
ulate matter velocity. In red the range from 0 mm to 5 mm was
outlined. The horizontal axis is the size of a particle and the vertical
axis corresponds to the velocity of the charged particle; both scales
are logarithmic. It is clearly visible that very small and very large
particles migrate quicker toward an electrostatic filter.

Typical particle size distribution of particles originated from a
coal fired boiler was presented in Fig. 1b). Usually the smaller a
particle is the more components it contains (toxic ones like arsenic,
nickel, cadmium and selenium are also at higher concentrations).
Fortunately, the smallest particles are easily captured by electro
filters. Due to the discrepancy between variation of particle
charging capability andmass with their volume, the largest number
of particles after the electrostatic filter is in the sizes 0.1e5 mm.
From this reason, selection of contaminating dust had to be done
carefully. It should be of comparable weight, and of similar size as
the main hypothesis involved clogging of cathode pores.

Coal is a complex substance containing not only combustible
fossilized carbon compounds, but also mineral inclusions that
cannot serve as fuel and are dispersed withing the structure. The
sizes of these inclusions may vary dependent on the coal origin and
its preparation for combustion, they however are on the average of
1 mm in diameter. There exist two major mechanisms by which ash
particles are formed. The first one is following: as the carbon burns
out, mineral inclusions approach each other and form large ash
agglomerates. As generally in a coal fired boiler the temperature is
high enough to melt the minerals, they form larger droplets. Gas
evolution leads to formation of hollow particles which are call
cenospheres (see Fig. 2a)).

The second mechanisms involves vaporization of the ash due to
high combustion temperatures. Then, part of the ash nucleates to
form tiny particles, which later grow by coagulation. This later re-
sults in agglomerates like in Fig. 2b). Similar agglomerates may be
generated by volatilized components of coal. Particles created in
this way bear the common name soot. They are small, usually
spherical particles connected into one similar to those depicted in
Fig. 2c).

Three main sizes of solid particles in flue gases can be
distinguished:

1. Fly ashdthe mineral admixtures in the solid fuel, size 3e50 mm
2. Unburned coal particles which result from inadequately
extending the combustion process, size 1e50 mm,

3. Sootdvolatilized coal particles differing from the previous pri-
marily by the magnitude, size 0.005e0.2 mm, but tend to form
complex agglomerates.

Dust particles should be compared with the pore size of the
MCFC electrodes (especially the cathode). The main parameters of
the MCFC architecture are presented in Table 2. The procedure of
manufacturing raw components that were used for the experi-
mental work presented in this paper is shown in Ref. [36]. Cathode
pore size for ametallic Ni cathode is in the range 7e15 mm and it has
porosity of about 60%. After in situ oxidation and lithiation the
values decrease by about 25% and are equal to 7e12 mm and 44%
respectively. The dimensions are comparable in size to dust parti-
cles and therefore the cathode could be prone to plugging by the
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particulate. The typical structure of the cathode layer is presented
in Fig. 3.
2. Experimental investigations

A single cell assembly was prepared by stacking the sheets of
electrolyte and matrix between sintered anode and cathode elec-
trodes covered with current collectors, then the component as-
sembly was held between cell frames equipped with gas flow
channels made from 310 type stainless steel (Fig. 4). The MCFC
tested had a planar area of 20 cm2 (see Fig. 4), where the anodewas
a porous (ca. 55%) Ni structure with thickness of 0.76 mm, the
cathode a porous (ca. 60%) nickel oxide structure with thickness of
0.7 mm and the electrolyte a lithium carbonate and potassium
carbonated(Li2 CO3)0.62(K2 CO3)0.38 [37]dmixture (three matrices
of 0.3 mm each, in total 0.9 mm). The cathodic and anodic current
collectors were made in the form of stainless steel embossed
sheets. The cell was connected into one during the first starteup,
whilst the cell conditioning was conducted and the components
assumed their final form. With temperature increase to about
500� C, organic compounds used for manufacturing of the cell
Fig. 4. View on the laboratory stand for investigation of Molten Carbonate Fuel Cells, 20 cm2

and dust used for experiments during weighing. Diagram of the flow arrangement of the c
components were decomposed and volatilized. Subsequently, the
carbonate solution started to soften and melt soaking the matrix
and the electrodes. The single cell stack was subject to a pressure of
1.2 bar, which was exerted by a bellow positioned below the
stacking. This ensured that the components remained in place and
that there is a firm contact between the cell electrodes, the current
collector and the manifolds.

To maintain result coherence, the cell was operated at atmo-
spheric pressure with the same reference point gas compositions
and flow rates, which were developed during our previous exper-
imental research. The fuel gas (H2)80(CO2)20 and the oxidant gas
(Air)70(CO2)30 were fed. The gases were not artificially humidified
with an evaporator. The cell was tested in the experimental facility
shown in Fig. 4, where the cell was held in a vessel and it was
possible to set up and control each operating parameter. The
vaporizer system provided measurement and control of the water
vapor directed to the anode and cathode. The cell temperature was
under careful control with several thermocouples inserted into the
stacking. Two main were positioned directly in the central part of
the cell frame. Additional two were put in the heaters to ensure
proper temperature gradient and heating speed. Another was
MCFC single cell used for tests, connection of the fuel cell bench and aerosol generator
ell set-up.



Fig. 5. a) MCFC cathode dusting process with cleaning during 20 h of operation, b)
MCFC cathode dusting process, no cleaning, during 7 h.
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placed in the evaporator to control the water evaporation for gas
humidification and an additional one measured the environment
temperature under the dome.

Cell voltage was directly measured at the two electrodes, cell
resistance was taken using a HIOKI 3560 AC mU HiTESTER (four
wires, 1 kHz) and the gas composition and flow rates were
controlled by a set of mass flow controllers. The gases and water
flow rate are measured and controlled by Brooks 5850E Digital
Mass Flow Controllers, chosen for their high accuracy and for their
ability to be managed by software through serial PC ports. For load
demand DC electronic load (SAE Electronic Conversion SRL) was
used. All the regular control apparatus was managed through a
tailored LabVIEW® software.

For dust feeding amanually controlled generator of solid aerosol
was combined with the existing fuel cell experimental set-up
(Fig. 4). It required a byepass connection to make sure that the
dust would not destroy the flow meters. Therefore it was attached
downstream from the flow meters and, as higher pressure was
needed to operate the generator, air was directly fed through the
device and subsequently throttled. Additional measurements had
to be taken to make sure that the composition of gases was
appropriate. The aerosol generator enabled to supply various
noneadhesive dusts to the fuel cell. It is composed of a cylinder,
piston, rotating brush and a nozzle. A known mass of the dust was
supplied to the cylinder in which the piston moved to compress it
and supply it to the brush. This would transport it to the nozzle,
where it would be suspended in the gas and flow to the cell. The
simplified arrangement of the gas flows is presented in Fig. 4.

Regular industrial talc powder (finntalc)dsee Fig. 4dwas used
to contaminate the cathode porous structures of the fuel cell. The
main goal was to assess whether the porous structure of the
cathode would be clogged up with small solid particles with di-
ameters below the pore diameters of the cell. It contains about 60%
silica, 32% magnesia and traces of other oxides. The main param-
eterdmedian size of the powderdwas about 5 mm.
3. Experimental results

As it was expected that the dust contamination test would
terminate the fuel cell, experiments were usually done after other
experiments had been performed. The cell was supplied with reg-
ular operation gas flows for normal functioning (T ¼ 650� C,
airc ¼ 6.17 ml/min/cm2, CO2,c ¼ 2.67 ml/min/cm2, H2,a ¼ 2.20 ml/
min/cm2, CO2,a ¼ 0.554 ml/min/cm2 d see Table 3). It was loaded
with 74mA/cm2 (1.5 A). 1.68 g of dust was fed to the cathode during
different periods of time (2.5.12 h). Nowater was fed to either of the
electrodes. The test stand topology is following: inlet gases are fed
by a horizontal tube to which the solid particulate is added and
suspended in the gas. The internal diameter of the tube equals to
8mm. At these conditions (themixture of air and CO2with traces of
particulate at the cathode inlet, lowmass flow) the mean kinematic
viscosity n is equal to 1:2044,10�5 m2=s and the averaged velocity
of the gas equals to 0.0718 m/s, hence the flow is highly laminar
with Reynolds number equal to 47. Subsequently the tube opens to
Table 3
Operating conditions of the fuel cell.

Temperature, �C 650
Air to cathode, ml/min/cm2 7.73
CO2 to cathode, ml/min/cm2 3.09
H2 to anode, ml/min/cm2 5.88
CO2 to anode, ml/min/cm2 0.86
dust flow (phase 1a), mg/min/cm2 0.12
dust flow (phase 1b, 2), mg/min/cm2 0.20
a widening, which is a rectangle with rounded edges with di-
mensions of approximately 34� 7mm. There the averaged velocity
equals to 0.015 m/s and results in Re ¼ 15. Then, the aerosol enters
the cathode compartment, where the velocity slightly increases
and the Reynolds number is equal to 18. The flow is globally laminar
in all the regions excluding local vortex development, particularly
at the surface of the porous cathode and the current collector due to
its shape.

The testing procedure included conditioning of the cell, loading
it with a constant current, loading the aerosol generator with dust
and supplying the contaminant with constant mass flow to the cell.
No voltage decay was observed during the experiments. The only
changing parameter was pressure variation between the inlet and
the outlet of the cathode compartment. The outlet was open to the
atmospheric air and the increase in inlet pressure stems from the
fact that the installed flow-meter followed its working regime that
enforced constant mass flow disregarding pressure variation in the
Fig. 6. EDS point profile.



Fig. 7. BSE image of the cell structure a) EDS profile through cathode, b) Elements concentration on the direction indicated above.
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inlet duct. In order to keep themass flowconstant in the conditions,
where the volatile particles settled in the duct and decreased its
hydraulic diameter, the flow-meter had to provide gas at higher
pressure, what was observed and is shown in the experimental
results that are presented in Fig. 5.

Two main tests are presented in this paper. Initial part of the
first one was carried out for 12 h. As we observed pressure increase
in the inlet duct, assuming that some of the contaminant had
settled in the tube, we performed an experiment, whether it could
be re-volatilized. Apparently, it is possible by feeding an impulse of
fresh (not contaminated) inlet gas to the inlet. The “cleaning” is
depicted by the sudden pressure difference increase and subse-
quent drop at 12:00 in Fig. 5a). Later, we supplied contaminated gas
to the cell for 7 h more. The pressure difference development
showed similar characteristics as before. The sudden drop of
pressure difference and voltage was caused by disconnection of the
aerosol generator from the test bench (and hence no gas flow to the
cathode at that moment).

Contrary to expectations, no voltage drop was observed during
the first test; the only effect of the dust presence is manifested by
the channel pressure drop, which rises from 0 to 6 mbar.
The second test presented in this paper took 7 h of dusting,
during which the cathode channel seemed to be completely
blocked by the dust during dismantling of the cell. As in all the
experiments we performed, the electrical parameters of the cell did
not change. In this experiment, probably due to already existing
deposition of dust (the test was performed after the previous one
using the same manifolds) and larger concentration of solid par-
ticulate in the supplied gases the pressure difference increase was
higher and equal to 10 mbar in 7 h. The results for the second phase
of the test are presented in Fig. 5b). The observation times are
unfortunately to short to draw significant conclusions for long term
operation of a fuel cell that is supplied with a dust contaminated
gas. Nevertheless, the main hypothesis that the electrode would be
clogged and due to insufficient reactive contact surface would
perform worse was rejected. Naturally, should the pressure differ-
ence become higher and higher, this could lead to devastating ef-
fects for the fuel cell (e.g. flow maldistribution, gas cross-over, seal
leakage, etc.) Also the accumulated dust could absorb electrolyte
from the active cell components (electrodes and matrix) and
contribute to quicker cell decay.
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4. SEM analysis

In order to analyze dust spatial distribution in the cell the
Scanning Electron Microscopy (SEM) investigations were per-
formed on the cross-section. The Hitachi 3500N SEM was used in
the SE (Secondary Electron) and BSE (Back-scattered Electron)
modes to reveal the microstructure of the cell elements. Energy
Fig. 8. EDS mappi
Dispersed Spectroscopy (EDS) was used to analyze chemical
composition of the regions of interests. Microscopic investigations
show that dust (talc) particles are located in the steel current col-
lectors region in the form of large agglomerates. EDS point profile
indicates elements relevant for talc (see Fig. 6).

Imaging of cell structure was performed in BSE mode (see
Fig. 7a) which is sensitive to density of the elements (heavier
ng of the cell.
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element are than brighter in the image). The concentration of
selected elements, relevant for cell base components, such as (Ni,
Al, Fe, O, C, K), and dust chemical components (Si, Mg) was inves-
tigated as the function of the distance from cathode surface (see
Fig. 7b).

In Fig. 8 we present the EDS mapping of the fuel cell. It is con-
spicuous that magnesium and silicon that constitute the contami-
nating particulate are distributed in a uniformmanner in the whole
volumewith trace amount. It proves that the dust did not penetrate
the cell and settled only on the top surface.

The results show that the elements relevant to dust are not
present in the cathode. The dust particles do not penetrate into
cathode. It means that no physical and chemical interaction have
been found between cathode and the supplied dust. Additionally, it
is worth noting the major dust aggregation location. Due to low
Reynolds number, many particles settled on the cathode very close
to the oxidizer inlet.

5. Conclusions

Talc solid particles suspended in the cathode inlet flow did not
cause any disturbance in cell operation. No voltage drop was
observed during 20 þ 7 h of operation, with dust level greatly in
excess of the limits enforced on power plant flue gases. This sug-
gests that MCFC has a high potential as a CO2 separator without
doubts regarding quality of flue gases with respect to volatile ashes.
It seems that solid particles form a gas permeable structure on top
of the electrode. Therefore, the cell operation was not changed. It
cannot be excluded however, that if operation time under dust
contaminated conditions would be extended, pressure drops due to
dust deposition could change the operation conditions of the cell.
At laboratory scale it was possible though to partially reverse the
pressure drop by increasing the flow velocity (some dust was
probably volatilized again and exhausted from the cell chamber
and supplying ducts. The location of solid particulate accumulation
will strongly depend on the Reynolds number of the flow. At lowRe,
as in the case we present (laminar flow with Re ¼ 18), the dust
accumulates at the oxidant inlet. For high Re, some particles could
be accumulated further downstream or even leave the system to
the surrounding. Still, the main hypothesis that was present in
science of fuel cells, and which stated that molten carbonate fuel
cells are highly prone to destruction even if little amount of dust is
supplied, was rejected.

We believe that some further research should be focused on this
topic, including longeterm (several thousands of hours) dust
exposition and feeding of real coal fired boiler dust.
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