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Abstract

This paper explores the gas-phase kinetics of butane and ethanol conversion as well as the propensity for molecular-weight growth and deposit
formation in the non-catalytic regions of a solid oxide fuel cell (SOFC). Experiments are done where the fuel flows through a quartz reactor heated
by a furnace. The primary observables are the extent of fuel conversion and the amount of deposit formed on a YSZ disk placed at the end of the
furnace. Experiments are performed at 700, 750 and 800 ◦C. The residence times in the hot zone varied from 2 to 4 s. Ethanol is more reactive than
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utane, and almost all the ethanol is reacted at 750 ◦C whereas butane is completely reacted at 800 ◦C. Deposit formation is much larger for butane.
hese results are compared to predictions of a detailed kinetic model. Model predictions for the extent of fuel conversion and molecular-weight
rowth are in good agreement with the data for both fuels. Butane is predicted to be converted to the lighter hydrocarbons methane, ethylene,
ropylene and ethane. Hydrogen is also a significant product, especially at higher temperatures. For ethanol, the product distribution is different
ith lower amounts of hydrocarbons while substantial quantities of water, ethylene, CO and H2 are predicted. In ethanol pyrolysis there is no

ignificant production of species with more than two carbon atoms, whereas propylene production is significant in butane pyrolysis. Modeling
esults suggest this is a major reason for increased deposit formation with butane. Equilibrium calculations demonstrate that both the butane and
thanol systems are far removed from equilibrium.

2005 Elsevier B.V. All rights reserved.
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. Introduction

A substantial advantage of solid oxide fuel cells (SOFC) is
he ability to utilize hydrocarbons, although in practice measures

ust be taken to inhibit formation of carbon deposits [1–12].One
pproach to avoid deposit formation is to convert the fuel prior
o the SOFC to a mixture of CO, H2, CO2, H2O and perhaps
H4 by steam reforming or catalytic partial oxidation (CPOX)

13,14]. A second approach is to add steam or air to the fuel and
llow “internal reforming" within the SOFC anode [11,15,16].
inally, if the anode materials are chosen so as to avoid catalysts

hat promote carbon formation, it may be possible oxidize hydro-
arbons directly without addition of steam or O2. For the second
nd third approaches, depending on the system design of the
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SOFC, inlet fuel mixtures can be exposed to high temperatures
within flow-distribution networks before entering the membrane
electrode assembly region. In this high-temperature environ-
ment, one might anticipate substantial gas-phase reactions of the
fuel prior to either catalytic reactions within the porous anode
or electrochemical oxidation at the three-phase boundary. Such
reactions have the potential to significantly affect SOFC perfor-
mance. First, the parent hydrocarbon can be converted to other
species. Thus the species available for both catalytic conver-
sion within the porous anode and subsequent electrochemical
oxidation could have significantly different reactivity than the
hydrocarbon being fed to the cell which could effect the fuel cell
performance [17]. Second, the fuel might react to form deposits.

There are two mechanisms that exist at high temperatures
for carbon deposition [9,18]. First, carbon can be formed as a
result of reactions over a catalyst. This process has been very
well studied over Ni, Fe and Co [19,20]. The mechanism on
each of these metals involves deposition of a carbon source onto
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the metal surface, dissolution of the carbon into the bulk of the
metal, and finally precipitation of carbon as a graphite fiber at
some surface of the metal particle. Second, reactions in the gas
channels can lead to the production of higher-molecular weight
species, e.g., aromatics, which can be deposit precursors [17].
These reactions are most important for hydrocarbons larger than
methane and are usually initiated by C C bond scission at high
temperatures. We focus on the deposits formed via gas-phase
reactions.

In this context, it is essential to characterize the gas-phase
kinetics of hydrocarbon fuels and to understand how such reac-
tions can influence the fuel conversion and deposit formation
within flow-distribution networks before entering the active
regions of the fuel cell. To explore the effect of gas-phase kinet-
ics on extent of fuel conversion and deposit formation, pyrolysis
experiments are done using butane and ethanol as fuels. Butane
is chosen to represent a typical hydrocarbon fuel, while ethanol
is important not only as a representative oxygenate, but also one
that can be produced from renewable resources. Presence of the
OH group in ethanol leads to a weakening of some C H bonds,
suggesting it might be more reactive than a hydrocarbon. Simi-
larly, the product distribution is likely to be different. Thus the
species available for both catalytic conversion within the porous
anode and subsequent electrochemical oxidation could be much
different than for butane. One might also expect that the pres-
ence of oxygen in ethanol will help in suppressing the deposits
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Table 1
Experimental data

Temperature
700 ◦C 750 ◦C 800 ◦C

Xexit/Xinlet (butane) 0.22 0.06 0.01
Xexit/Xinlet (ethanol) 0.10 0.01 0
Deposit (g h−1) (butane) 2.5 × 10−4 3.0 × 10−3 6.8 × 10−3

Deposit (g h−1) (ethanol) 0 7.5 × 10−5 2.0 × 10−4

and 800 ◦C). In all cases, isothermal conditions are assumed.
The residence times in the hot zone varied from 2 to 4 s. There
are substantial increases in the flow velocity within the reactor,
since there is an increase in the number of moles of gas as a result
of the pyrolysis reactions. The relative tendency of these fuels to
form deposits is determined by weighing the amount of deposit
which collects on a porous YSZ slab placed near the furnace
exit. The YSZ slabs, which were prepared by firing the mixture
of YSZ powder (Tosoh, TZ-8Y) and graphite pore formers at
1550 ◦C for 4 h in air, had a porosity of 60%, with relatively uni-
form pores, 1.5 �m in diameter. The outlet gases from the quartz
reactor were analyzed using an on-line gas chromatograph (Buck
Scientific, model no. 8610) equipped with thermal conductivity
detector and Hayesep Q packed column. Helium was used as the
carrier gas. The experimental results are summarized in Table 1.

It can be seen from Table 1 that both the fuels are essentially
completely converted at 800 ◦C, with ethanol being more reac-
tive than butane. Thus the species available for both catalytic
conversion within the porous anode and subsequent electro-
chemical oxidation will be much different than the fuel being fed
to the cell. It can also be seen that the extent of deposit formation
is much larger for butane.

3. Kinetic model description
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n the system.
A detailed reaction mechanism describing the pyrolysis

inetics of butane and ethanol is used to describe the extent
f fuel conversion observed experimentally. These kinetic pre-
ictions agree well with the observations. We have also pre-
icted the propensity for deposit formation for these systems by
omputing the amount of higher molecular weight species by
umming the mass fractions of all species that contain five or
ore carbon atoms, designated as C5+. It is demonstrated that

here is a good correlation between the predicted amount of C5+
pecies and the mass fraction of deposit measured. The experi-
ental results and the kinetic predictions show that the extent of

eposits is much larger for butane. To understand the difference
n the deposit formation for butane and ethanol, a rate analysis is
one to identify the species leading to molecular weight growth
or both the fuels. A comparison of the kinetic predictions to
quilibrium calculations demonstrates that both systems are far
emoved from equilibrium. We also explore the role of steam
n the feed streams since steam is frequently added to suppress
atalytic deposit formation.

. Experimental description and results

The pyrolysis experiments are performed in a 6.7 mm i.d.
uartz flow reactor that is heated within a 25 cm furnace.
he butane experiments used neat butane with a flow rate at

oom temperature of 32 cm3 min−1, while ethanol was vapor-
zed into a stream of helium. The vaporized ethanol flow rate
as 26 cm3 min−1 and the flow rate of He was 2.7 cm3 min−1,

esulting in an ethanol mole fraction of 0.90. Experiments are
erformed with the furnace set at three temperatures (700, 750
The detailed chemical mechanism used for this analysis
ncludes detailed oxidation and pyrolysis kinetics for hydrocar-
ons up to C6. In addition, it includes the molecular weight
rowth reactions for polyaromatic hydrocarbons (PAH) for-
ation via the hydrogen-abstraction-acetylene-addition mech-

nism of Frenklach and Warnatz [21]. The mechanism involves
bout 350 species and over 3450 reactions and has been validated
or butane pyrolysis [17]. The mechanism has been also vali-
ated for methane pyrolysis and oxidation [22]. This mechanism
as modified in several ways for the current set of calculations.
e included several additional reactions involving ethanol. The
ost important are the two channels for ethanol dissociation:

2H5OH � C2H4 + H2O, (1)

2H5OH � CH3 + CH2OH. (2)

Li et al. [23] have done ethanol pyrolysis experiments at 1.7–
.0 atm and 1045–1080 K using a variable pressure flow reactor.
hey have experimentally determined the rate constant k1 of the
olecular decomposition reaction (1) [the dominant reaction].
hey measured C2H5OH and C2H4 concentrations to calculate

he rate constant of reaction (1) at 3 atm according to the standard
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Table 2
Comparison of the rate constant of the reaction C2H5OH � C2H4 + H2O reported by Li et al., predicted by RRKM [23] with CHEMDIS (using both MSC and
ME) [24] calculations over a range of pressures and temperatures

P (atm) k1 RRKM/CHEMDIS (700 ◦C) k1 RRKM/CHEMDIS (750 ◦C) k1 RRKM/CHEMDIS (800 ◦C)
MSC ME MSC ME MSC ME

0.01 0.96 0.95 1.02 1.00 1.04 1.01
0.1 1.05 1.02 1.13 1.09 1.17 1.11
1 1.05 1.04 1.12 1.11 1.16 1.14

10 1.05 1.02 1.10 1.06 1.13 1.09
100 1.00 0.98 1.02 1.00 1.03 1.01

Fig. 1. Comparison of the rate constant of the reaction C2H5OH � C2H4 +
H2O measured in the flow reactor experiments [23] with the CHEMDIS [24]
calculations. Initial conditions used in the experiments were P = 3.0 atm,
C2H5OH = 0.12% toluene (C6H5CH3) = 0.12%, O2 = 35 ppm with balance
N2.

rate equation:

d[C2H4]

dt
= k1 · [C2H5OH], (3)

where [X] is the concentration of species X and t is the reac-
tion time. The experimentally determined rate constant k1 is
presented in Fig. 1. Initial conditions used in the experiments
were P = 3.0 atm, C2H5OH = 0.12%, toluene (C6H5CH3) =
0.12%, O2 = 35 ppm with balance N2. The purpose of adding
C6H5CH3 is to act as a radical trap to prohibit significant reac-
tions of ethanol with the reactive radicals (CH3, H, OH, and so
on) that would otherwise result from the decomposition prod-
ucts. As a consequence, approximately 92% of the total C2H4
formed under these conditions is predicted to be generated by
the H2O elimination reaction (1). As a result, the rate constant
k1 can be determined directly from the measurements of the
ethylene formation rate and ethanol concentration.

Li et al. [23] have not reported the expression for k1 at 3 atm.
In order to compare the value of k1 at 3 atm we used k∞ for reac-
tion (1) reported by Li and coworkers and calculated the expres-
sion for k1 at 3 atm using CHEMDIS [24]. CHEMDIS uses a
three-frequency version of QRRK theory and either a modified
strong-collision (MSC) or master equation (ME) approximation
to estimate collisional stabilization. Fig. 1 illustrates a compari-
son between the model predictions using MSC and the measured
rate constant k1 over a range of temperatures. It can be seen that
t
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Fig. 2. Comparison of the ratio of exit to inlet mole fraction of butane observed
experimentally with the model predictions as a function of temperature. (The
butane level of conversion at 700 ◦C in the model is matched to the data. The
residence times in the hot zone varied from 2.2 to 3.0 s.)

a range of pressures and temperatures. It can be seen that val-
ues of k1 calculated by CHEMDIS (using both MSC and ME)
are in excellent agreement with the values reported by Li et al.
For the current kinetic model values of k1 and k2 at 1 atm are
required. We used the CHEMDIS values, computed using the
MSC approximation at 1 atm, in our mechanism.

Second, we included the hydrogen abstractions of H2C•
CH2OH, H3CC• HOH and CH3CH2O• from ethanol itself.
These are indirect pathways for isomerization of these radicals.
Hydrogen abstraction reactions from ethanol by other radicals
were already included in the earlier mechanism. All reactions in
the mechanism are reversible, with the reverse rate coefficients
computed from the calculated temperature-dependent equilib-
rium constants. 1

4. Model comparisons to observations

4.1. Extent of conversion and deposit formation

Calculations are done with pure C4H10 and a C2H5OH/He
mixture at three different temperatures (700, 750 and 800 ◦C)
using Chemkin [25] and assuming plug flow. Due to the uncer-
tainties in the temperature-distance profiles within the furnace,
especially near the entrance and exit, we adjusted the distance
in the model to achieve the measured conversion of butane at
700 ◦C. This distance (25.1 cm) can be compared to the nominal
r
a

t

u

he model accurately captures the observed behavior.
The multichannel unimolecular decomposition of ethanol

as calculated using RRKM/master equation calculations by
i et al. [23] over a wide range of pressures (0.01–100 atm).
e also calculated the k1 at those pressures with CHEMDIS.

able 2 lists the ratio of the k1 value calculated by Li et al. to
hat calculated by CHEMDIS using both MSC and ME over
eactor length of 25 cm. This distance was then kept constant for
ll other calculations for both butane and ethanol.

Fig. 2 summarizes the comparison between the observed and
he predicted level of conversion of butane at different tem-

1 The mechanism and the associated thermodynamic database are available
pon request.
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peratures. It can be seen that the model captures the butane
conversion very well over the range of temperatures. It can also
be seen that, even at 700 ◦C, most of the butane has reacted.

Similarly Fig. 3 compares the extent of conversion of ethanol
observed in the experiments to that predicted. It can be seen that
the model captures the extent of ethanol conversion over the
range of temperatures. Ethanol is more reactive than butane; at
700 ◦C and a residence time of 3.0 s 87% is reacted, as compared
to 78% for butane (Fig. 2).

Sheng and Dean [17] suggested that one could correlate the
onset of observed deposit formation with the predicted total mole
fraction of species with molecular weight larger than butane
(C5+). Although this is clearly an approximation, these higher
molecular weight species are typically cyclic unsaturated com-
pounds that are the likely precursors of polynuclear aromatic
hydrocarbons. Moreover, formation of the first aromatic ring is
generally considered to be the rate-limiting step in soot forma-
tion.

To make a more direct connection between the predictions
and observed deposit formation, we need to consider the cumu-
lative effect of flowing the gas for a specified time interval. In
this manner, an upper limit to deposit formation can be obtained
by computing the total mass fraction of C5+ that exits the reactor.
(This is an upper limit since not all the C5+ produced will form
deposits and not all the deposits will be collected on the YSZ
disk.) To compare the observed deposit to the predicted C5+
mass fraction, we calculate the fraction of fuel that is deposited
by using the data in Table 1 with the inlet flow rate and the
specified time interval over which the deposits were formed. To
relate the calculated C5+ mass fractions to the fraction of the
fuel going to deposits we use a normalization factor (F):

Predicted deposit (mass fraction) = F · C5+ (mass fraction).

With F = 0.02, we obtain reasonable agreement between
predicted and observed deposit amounts for both fuels, as shown
in Fig. 4. Of particular interest is that the kinetic model cap-
tures the strong temperature dependence that is observed for
butane. However the model predicts slightly stronger tempera-
ture dependence than is observed for ethanol. Especially encour-
aging is that the same normalization factor applies reasonably
well to both fuels.

Fig. 3. Comparison of the ratio of exit to inlet mole fraction of ethanol observed
experimentally with the model predictions as a function of temperature. (The
residence times in the hot zone varied from 2.5 to 4.4 s.)

Fig. 4. Comparison of experimentally observed deposit mass fraction with the
model predictions as a function of temperature for butane and ethanol.

Fig. 5. Comparison of kinetic predictions of deposit mass fraction for butane to
the equilibrium values as a function of temperature.

4.2. Kinetics versus equilibrium

We also predicted the mass fraction of deposits at equilibrium
using the minimization of free energy approach [25]. In the equi-
librium calculations reported below, we do not include graphite
as a possible product. One expects that graphite formation from
gas-phase reactions would be very slow. The mechanism for
molecular-weight growth leads to production of polyaromatic
hydrocarbon (PAH) molecules, which contain appreciable H.
To form graphite all the H atoms must be removed via reac-
tions. Indeed, it has been reported that deposits consists of PAH
[9]. Using the same normalization factor described above, the
equilibrium deposit mass fraction is predicted for both the fuels.
Fig. 5 compares the deposit mass fraction for butane predicted
kinetically to the equilibrium result at different temperatures. It
can be seen that system is far from equilibrium, with much less
deposit observed than expected at equilibrium.

Similarly Fig. 6 shows a similar comparison for ethanol. It can
be seen that the system is close to equilibrium at lower tempera-
tures. However, at 800 ◦C the observed level of deposits is much

F
t

ig. 6. Comparison of kinetic predictions of deposit mass fraction for ethanol
o the equilibrium values as a function of temperature.
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Fig. 7. Predicted major species at the end of the hot zone as a function of
temperature for butane pyrolysis.

lower than predicted at equilibrium. We have also calculated
the fuel conversion at equilibrium and found that both the fuels
are completely converted to other species even at 700 ◦C. Thus
both conversion and deposit formation are kinetically controlled.
Additional calculations that allowed formation of graphite indi-
cated even larger differences to the measured deposits.

4.3. Model predictions for species distribution

Fig. 7 summarizes the predictions for the distribution of major
species as a function of temperature for butane pyrolysis. It can
be seen that by 800 ◦C butane (C4H10) is completely converted
and substantial quantities of the lighter hydrocarbons methane
(CH4), ethylene (C2H4), propylene (C3H6) and ethane (C2H6)
are produced. H2 is also a significant product, especially at
higher temperatures.

Fig. 8 summarizes the predictions of the major species as a
function of temperature for ethanol pyrolysis. Less that 1% of
the ethanol remains at 750 ◦C. The product distribution is signifi-
cantly different from butane, with substantial quantities of water
and ethylene directly produced by the primary ethanol dissocia-
tion reaction (Rxn 1). As compared to butane pyrolysis (Fig. 7)
the amounts of CH4 and C2H6 are significantly lower in ethanol
pyrolysis, while C2H4 is somewhat lower. Also there is no sig-
nificant production of species with more than two carbon atoms,
w
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t
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t

Fig. 9. Mole fractions of major species contributing to C5+ as a function of
residence time at 800 ◦C for butane.

a residence time of 2.2 s corresponds to the end of the heated
reactor for butane pyrolysis, while the corresponding time for
ethanol pyrolysis is 2.5 s.)

As can be seen from the figures, the major molecular weight
growth species for both fuels are the same, although their relative
importance is different for the two fuels. The cyclic C5 species
cyclopentene (CYC5H8) and 1,3 cyclopentadiene (CY13PD)
are most important for butane, while benzene is most important
for ethanol. Note that the cyclic C5 species are present in much
lower amounts for the ethanol case.

A rate analysis is done at 800 ◦C for these three species
for both butane and ethanol to identify the important reaction
pathways. As expected from the mole fraction plot, the rate of
production of 1,3 cyclopentadiene is much faster for butane. The
important pathways include:

C3H5 + C2H2 → C5H6(1, 3 cyclopentadiene) + H, (4)

C3H3 + C2H2 → C5H5(cyclopentadienyl radical), (5)

C5H5(cyclopentadienyl radical) + RH

→ C5H6(1, 3 cyclopentadiene) + R
•
. (6)

For cyclopentene, one reaction dominates:

C3H5 + C2H4 → C5H8(cyclopentene) + H. (7)

C

C

C

F
r

hereas propylene production is significant in butane pyrolysis.
thanol pyrolysis also produces relatively large amounts of CO
nd H2.

To understand the difference in the C5+ production for butane
nd ethanol, we identified the dominant C5+ species for the
wo cases and plotted these mole fractions at 800 ◦C in Figs. 9
nd 10 for butane and ethanol, respectively. (In these figures,

ig. 8. Predicted major species at the end of the hot zone as a function of
emperature for ethanol pyrolysis in helium.
ylcopentene is then converted to 1,3 cyclopendiene:

5H8(cyclopentene) + R
•

→ C5H7(cyclopentenyl radical) + RH, (8)

5H7(cyclopentenyl radical)

→ C5H6(1,3 cyclopendiene) + H. (9)

ig. 10. Mole fractions of major species contributing to C5+ as a function of
esidence time at 800 ◦C for ethanol.
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Fig. 11. Predicted mole fractions of C3H5, C3H3 and C3H6 at 800 ◦C for butane.

Both cyclic C5 species are formed by addition of resonantly
stabilized C3 radicals (allyl (C3H5) and propargyl (C3H3) to
the unsaturated C2 molecules. Moreover, C3H5 and C3H3 rad-
icals are both formed from propylene (C3H6). In this sense, it
can be said that it is that production of the C5 deposit precur-
sors requires reasonably high concentrations of both C2 and C3
unsaturated molecules.

When we compared the rates for production of benzene for
butane and ethanol we found that in both cases benzene comes
from following reaction pathway:

C2H3 + C2H4 → C4H6(1,3 butadiene) + H, (10)

C2H3 + C4H6 → C6H8(cyclohexene) + H, (11)

C6H8 + R· → C6H7(cyclohexadienyl radical) + RH, (12)

C6H7(cyclohexadienyl radical) → C6H6(benzene) + H. (13)

Thus, only the C2 unsaturates participate in a major way for
benzene production. It can be seen from Figs. 9 and 10 that the
benzene mass fraction is similar for the two fuels. The mole
fractions of C2H4 are comparable for both fuels, as seen from
Figs. 7 and 8. The predicted C2H2 mole fractions are also com-
parable for the two fuels but two orders of magnitude less than
C2H4. Thus the similar mole fractions of C2 unsaturates lead to
similar rates of benzene production for the two fuels.

These results suggest that the difference in the rate of for-
m
d
d
l
e
o
o
t

F

Fig. 13. Predicted ratio of exit to inlet mole fraction of butane and ethanol at
700 ◦C as a function of steam to carbon ratio.

fractions of three radicals for the ethanol case, and this leads to
the much lower propensity for deposit formation for ethanol.

5. Model predictions of the impact of steam dilution

It is often desirable to premix steam or air with the hydrocar-
bon fuel to inhibit catalytic deposit formation. To see the effect
of steam dilution on the gas-phase reactions, we varied the steam
to carbon ratio for both the fuels at 700◦C.

Fig. 13 shows the effect of steam dilution on the fuel con-
version at 700 ◦C. It can be seen that even in the presence of
large amounts of steam the level of conversion is only slightly
less than the system without any added steam for both fuels. To
ascertain whether H2O was acting simply as a diluent or as a
reactant, N2 was substituted for steam. The results were very
similar, indicating the primary effect of steam addition on the
gas-phase reactions is dilution. (Of course the presence of H2O
will enhance catalytic reactions within the anode, providing a
reforming catalyst is present.)

6. Summary

Experiments on butane and ethanol pyrolysis are performed
at three different temperatures (700, 750 and 800 ◦C). A detailed
reaction mechanism is used to describe the pyrolysis kinetics.
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ation of deposit precursors for these two fuels is related to
ifferent mole fractions of the C3 unsaturated molecules pro-
uced during pyrolysis. The model predictions indicated much
ower concentrations of propylene in the ethanol system. We
xpect this lower value to result in much lower mole fractions
f allyl and propargyl – the radicals responsible for formation
f the cyclic C5 species. We compare the predicted mole frac-
ions in Figs. 11 and 12. As expected, we see much lower mole

ig. 12. Predicted mole fractions of C3H5, C3H3 and C3H6 at 800 ◦C for ethanol.
he kinetic model accurately captures the extent of fuel conver-
ion over the temperature range for both fuels. The experimental
esults illustrate some significant differences between butane
nd ethanol pyrolysis, especially in terms of deposit formation
much lower with ethanol as compared to butane). It is demon-
trated that there is a good correlation between the predicted
mount of C5+ species and the mass fraction of deposit formed.
odel predictions for the extent of molecular-weight growth

re in reasonable agreement with the data over the range of tem-
eratures for both fuels. The strong temperature dependence
f deposit formation can be traced to the rapid increase of the
as-phase molecular weight growth reactions with temperature.
hese results also reinforce our earlier finding that one might
xpect to see substantial gas-phase conversion of the parent fuel
ithin the gas channels of a SOFC, even with a large amount
f added steam. The kinetic model predicts that, even at 700 ◦C,
ost of the fuel will be converted within a few seconds residence

ime in the channel. The kinetic predictions showed that butane is
ompletely converted to lighter hydrocarbons CH4, C2H4, C3H6
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and C2H6 at 800 ◦C. H2 is also a significant product, especially at
higher temperatures. The ethanol product distribution is signifi-
cantly different from butane. As compared to butane pyrolysis,
the amount of hydrocarbons are lower in ethanol pyrolysis.
Ethanol pyrolysis also produces relatively large amounts of CO
and H2. Thus the species available for both catalytic conver-
sion within the porous anode and subsequent electrochemical
oxidation are much different than the fuel being fed to the cell.
The model predictions indicated much lower concentration of
C3H6 in the ethanol system. The lower value of C3H6 results
in much lower mole fractions of C3H5 and C3H3 – the radicals
responsible for formation of the cyclic C5 species. Lower mole
fractions of these radicals for the ethanol case leads to the much
lower propensity for deposit formation for ethanol. It was also
found that H2O has little effect on the pyrolysis reactions under
these conditions. A comparison to equilibrium predictions show
that a kinetic model is essential to predict levels of conversion,
product distribution and deposit formation.
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