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Catalyst investigation for applications of oxidative
dehydrogenation of ethane in short contact time reactors
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Abstract

LaMnO3-based catalysts were tested in a head-to-head comparison with Pt in the oxidative dehydrogenation of ethane at short contact times
under the same reactor configuration (400 cpsi honeycomb monolith). The comparison, carried out at varying C2H6/O2 feed ratio and flow
rate, showed that on LaMnO3-based catalyst ethylene formation is greatly enhanced in comparison with Pt under a wide range of experimental
conditions. Accordingly, product distribution unveils a deeper oxidation of ethane on LaMnO3, resulting in a more efficient heat production
and the formation of lower amounts of COx.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The oxidative dehydrogenation (ODH) of ethane in short
contact time reactors (SCTR) was first proposed by Huff and
Schmidt[1] in 1993 and, since then, the process was mainly
carried out over Pt-based ceramic foam monoliths[1–5].

An initial investigation in the field of partial oxidation
of light hydrocarbons on noble metals indeed revealed that
Pt-based catalysts amongst the noble metals enhance most
ethylene formation[6]. Nevertheless, the presence of Pt in-
fluences product distribution to a limited extent in this pro-
cess, as it was provided clear evidence both by theoretical
[5] and experimental works[7] that the catalyst mainly ox-
idizes the fuel to COx and H2O, while ethylene is primarily
formed in the gas phase. Changing the catalyst composition
was thus considered a possible means for obtaining perfor-
mance enhancement. As a matter of fact, the addition of
Sn to the Pt-based catalyst raised ethylene yield of about
5% [8]. Flick and Huff [2] instead showed that conversion
and selectivities comparable with Pt could be obtained with
non-noble-metal catalysts such as Cr2O3-based foams, and
similarly Beretta and Forzatti[9] claimed good experimen-
tal results on hexa-aluminates. Nevertheless, the catalyst
lifetime was a serious issue for all of these novel active
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phases, since Sn is highly volatile, Cr2O3 is not stable at
high temperature and the hexa-aluminate catalyst quickly
cokes. In conclusion, until recently Pt appeared to be the
only reliable active phase for the process.

In very recent times we hence proposed the use of
non-noble-metal catalysts, which in addition to a fair
oxidation activity, show also excellent thermal stability.
LaMnO3-based honeycomb monoliths, active and stable
in hydrocarbons deep oxidation processes[10], exhibited
excellent catalytic properties for ODH of ethane at short
contact times[11], with satisfying ethylene yields and
resulted stable under many hours of reaction.

In this work the LaMnO3 structured catalytic system
is studied in comparison with Pt, with the same support
morphology (400 cpsi honeycomb monoliths) and under the
same experimental conditions, in order to verify the reli-
ability and profitability of a previously proposed catalyst
[11] with respect to the state-of-the-art catalyst.

2. Experimental

Four hundred cpsi cordierite disks, 10 mm long and
with a diameter of 18 mm, were used as ceramic supports.
Incipient-wetness impregnation was used to deposit Pt onto
a �-Al2O3 washcoat layer and LaMnO3 onto a La2O3-
stabilized�-Al2O3 washcoat layer coating the support. The
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catalytic monolith, stacked between two inert monoliths
as radiation shields, was placed in a quartz tube inserted
in an electric furnace used only for igniting the reacting
mixture. Thermocouples were placed in the middle channel
of each monolith (radiation shields and catalytic monolith)
and downstream of the catalyst.

The head-to-head comparison between Pt and LaMnO3
was carried out at varying, for a constant N2 dilution
(30 vol.%), C2H6/O2 ratio, between 1.5 and 2.5, and the
flow rate, between 25 and 125 slph (standard liters per
hour), corresponding to a gas hourly space velocity (GHSV)
between 1.2 × 104 and 6× 104 h−1 (i.e. the contact time
between 294 and 59 ms cm3/N cm3) and to a residence time
at the average temperature of 900◦C between 70 and 14 ms.

3. Results and discussion

The catalytic system was ignited heating the reactor at
∼200◦C for Pt and∼400◦C for LaMnO3. After ignition
the heat source was removed and the reactor worked under
auto-thermal conditions, with complete oxygen conversion
under all conditions investigated.

In Figs. 1 and 2and Table 1 the comparison between
Pt (black symbols and solid lines) and LaMnO3 perovskite
(white symbols and dashed lines) is exploited at varying
C2H6/O2 feed ratio in terms of ethane conversion and ethy-
lene selectivity (Fig. 1), selectivity of the main products
(Table 1) and temperature profiles (Fig. 2).

Ethane conversion decreases monotonically for increas-
ing C2H6/O2 ratios, and is always higher of about 10%
on perovskite than on Pt in the entire range investigated.
On LaMnO3 it varies from 90% (at C2H6/O2 = 1.5) to
47% (at C2H6/O2 = 2.5), while for Pt from 80 to 40%.
Conversely, ethylene selectivity is observed to grow at in-
creasing C2H6/O2 ratio. On LaMnO3 it ranges from 60% at
C2H6/O2 = 1.5, up to about 70% for C2H6/O2 > 2. The
increase in ethylene selectivity on Pt is less substantial, and
starting from about 60% stops below 64%.

The differences observed between the two catalysts in
ethylene selectivity are consistent with a different distribu-
tion of the main by-products. As shown inTable 1, on Pt
larger amounts of CO are formed than on perovskite. Indeed,
at increasing C2H6/O2 ratio CO selectivity stays around 25%
on Pt, while on LaMnO3 decreases from 17 to 11%. On the

Table 1
Selectivity (%) of the main products on Pt-based and LaMnO3-based catalysts under the conditions inFig. 1

C2H6/O2 Pt LaMnO3

CO2 CO H2O H2 CH4 C2H2 CO2 CO H2O H2 CH4 C2H2

1.5 6 27 29 23 7 2 11 17 21 26 9 3
1.75 6 24 31 20 5 1 11 13 24 22 6 2
2 7 24 31 18 4 1 12 11 25 21 5 1
2.25 9 23 34 16 3 1 14 11 27 19 4 1
2.5 10 24 37 15 3 0 15 11 30 16 3 1

Fig. 1. C2H6 conversion and C2H4 selectivity at varying C2H6/O2 ra-
tio on Pt-based (black symbols and solid lines) and LaMnO3-based
catalysts (white symbols and dashed lines). Experimental conditions:
GHSV = 2.4 × 104 h−1, N2 = 30 vol.%.

Fig. 2. Temperature profiles of Pt-based (black symbols and solid lines)
and LaMnO3-based reactors (white symbols and dashed lines) at different
C2H6/O2 ratios under the conditions inFig. 1.

contrary, CO2 selectivity, which shows an increasing trend
when C2H6/O2 ratio is increased, is lower on Pt, on which
it is observed to range from 6 to 10%, while on the mixed
oxide catalyst it varies between 11 and 15% (Table 1). In
conclusion, the amount of C2H6 converted to COx is always
lower on perovskite than on Pt, as on LaMnO3 the limiting
reactant, oxygen, is preferentially oxidized to CO2.
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As regards H-atom selectivity, H2O selectivity grows
when C2H6/O2 is increased. On Pt it is comprised be-
tween 29 and 37%, while on LaMnO3 the limiting values
are respectively 21 and 30%. H2 selectivity instead at in-
creasing C2H6/O2 ratio decreases, from 26 to 16% on
LaMnO3, while it is slightly lower (∼2–3%) on Pt, which
varies between 23 and 15%. We can thus observe that on
Pt hydrogen oxidation is probably more enhanced than on
perovskites.

It is worth to highlight that product distribution upon the
variation of the C2H6/O2 ratio does not depend uniquely on
the reduced oxygen content of the feed mixture, but also
strongly on temperature. Indeed, as previously argued[11],
the autothermal nature of the system leads the temperature
to play an important role in the process. The larger oxygen
content, corresponding to a lower C2H6/O2 ratio, determines
the attainment of higher temperatures in the reactor. InFig. 2
the temperature profiles in the Pt- and LaMnO3-based reac-
tor are reported. The temperature in the catalytic monolith
(betweenz = 1 and 2 mm) ranges from∼820 to∼910◦C,
in dependence on the operating conditions. The back heat
shield retains most of the heat of the exothermic catalytic
reaction, as shown by its temperature, which is comparable
to that of the catalytic monolith in the case of LaMnO3, and
slightly cooler for Pt (between 760 and 850◦C). The temper-
ature registered downstream of the monoliths instead shows
that at that point the system has considerably cooled down,
both because of heat losses from the reactor setup and be-
cause of the occurrence of gas-phase endothermic reactions,
once oxygen is completely consumed.

Significant differences between the two active phases can
be observed in the temperature of the front shield, due to
the different temperatures of the front face of the catalytic
monolith. The threshold temperature of the ODH reaction
on Pt is considerably lower than on LaMnO3 perovskite
(200◦C versus 400◦C), due to the higher activity of the
noble metal. This implies that the front face of the Pt-based
monolith is hotter, and heat is more efficiently transferred
by conduction and radiation to the front shield than in the
case of the perovskite monolith.

At increasing the C2H6/O2 ratio, the temperature of both
catalytic reactors is lowered of∼100◦C, thus favoring the
formation of CO2 and H2O, whose selectivities increase
notwithstanding the reduction in oxygen content. CO and
H2 are instead more favorably produced at high temperature,
as we can observe inTable 1. In addition, other by-products
such as CH4 and C2H2, which are formed in gas-phase reac-
tions, are clearly dependent on temperature, and are almost
absent at the higher C2H6/O2 ratios.

In Fig. 3 the comparison of two catalysts is exploited at
varying space velocity. We did not investigate space veloc-
ities as high as 300 slph, usually investigated in most ex-
perimental works[1–4], because LaMnO3 catalyst, due to
its lower activity, blows out at high flow rates. Differently,
Pt-based reactors can be operated at flow rates as high as
900 slph[4].

Fig. 3. C2H6 conversion and C2H4 selectivity at varying the total flow
rate on Pt-based (black symbols and solid lines) and LaMnO3-based
catalysts (white symbols and dashed lines). Experimental conditions:
C2H6/O2/N2 = 46.7/23.3/30.

Experimental results show that on both catalysts ethane
conversion and ethylene selectivity are independent on space
velocity for flow rates above 50 slph, as are observed to
increase between 25 and 50 slph to a steady value main-
tained up to 125 slph. Similarly, also the other species attain
a steady value above 50 slph.

The singular trend observed can be explained taking into
account that: (a) contact time is always high enough to
attain complete oxygen conversion (limiting reactant); (b)
higher flow rates lead to higher temperature, because the
system becomes more adiabatic, as already argued in pre-
vious investigations[11,12]; (c) mechanisms of heat dis-
persion become more efficient at increasing temperature
(radiation). Consequently, ethane conversion and ethylene
selectivity are enhanced by higher flow rates only until
the temperature is significantly affected by flow rate, be-
low 75 slph in our case, and after that they do not change
further.

On LaMnO3 catalyst, at increasing flow rate, ethane con-
version increases from 49 to 74%, while ethylene selectiv-
ity from 64 to 72%. On Pt instead, ethane conversion grows
from 33 to 66% and ethylene selectivity from 47 to 69%.

Also for a variation in the total flow rate, as shown for
C2H6/O2, the use of LaMnO3-based catalyst results in bet-
ter performance, both in terms of ethane conversion and of
ethylene selectivity, even though the range of possible flow
rates is limited with respect to Pt by its lower activity.

4. Discussion and conclusions

LaMnO3-based catalysts were tested in a head-to-head
comparison with Pt under the same reactor configuration, at
varying both the C2H6/O2 ratio and the total flow rate. The
mild activity of LaMnO3 turned out to be better than the
strong activity of Pt in the ODH process.
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The difference in temperature profiles between the two
catalysts does not suffice to explain the observed difference
in performance, as the LaMnO3-based catalyst always per-
formed better than Pt under a large variety of conditions,
which affected diversely the surface temperature of the cata-
lysts. The observed results can be rather explained if we con-
sider some experimental results obtained on Pt and LaMnO3,
under conditions such that the homogeneous reactions could
be ruled out. In particular, we refer to experimental tests
conducted below 600◦C by Beretta et al.[5] on Pt, and to
isothermal tests at temperatures up to 550◦C that we car-
ried out on LaMnO3 [11]. Under fuel-rich conditions, on
both catalysts in the low temperature range (∼400◦C) CO2
is the main product. Nevertheless, at increasing temperature,
between 400 and 600◦C, on Pt increasing amounts of CO
are formed, attaining a selectivity of∼70% at 600◦C. In-
stead, on LaMnO3, notwithstanding the presence of a lower
amount of O2 (C2H6/O2 = 1.7 in our experimental tests
versus C2H6/O2 = 1 on Pt) less CO is produced (note that
in the case of isothermal reactor, that is not autothermal, the
above-discussed temperature effect on product distribution is
absent). The selectivity to CO2 is ∼65% before the ignition
of homogeneous reactions, while CO selectivity is∼15%.
On LaMnO3 also small amounts of ethylene (selectivity=∼
20%) are formed.

Hence, we can conclude that Pt is very active towards hy-
drocarbon oxidation (its threshold temperature is∼200◦C),
but less selective towards CO2 formation. The higher activ-
ity leads the Pt catalyst to be aggressive towards ethane, ox-
idizing larger amounts of fuel to CO. Perovskites are instead
less active (the threshold temperature is∼400◦C) but more
selective towards CO2. On LaMnO3 catalyst, the fuel is thus
rather oxidized to CO2, and to consume the same amount of
O2 less C2H6 is sacrificed and more heat is produced than
on Pt.

In conclusion, we have shown that reliable and compet-
itive catalysts for ethane ODH in SCTR are not necessary
noble-metal-based, but that LaMnO3 appears suitable to re-
place Pt in the ODH reaction of ethane in short contact
time reactors. LaMnO3 is indeed a non-noble-metal cata-
lyst, with the advantages stemming from its low cost. More-
over, such perovskite-based catalyst shows a high thermal
stability, without any sign of deactivation under many hours
(about 100 h) of operation. In addition, what is most impor-
tant, LaMnO3 performs better than Pt: the higher ethylene
selectivity is sustained by the deeper oxidation of the fuel,
which results in the production of more CO2 and less CO
than on Pt, sacrificing less ethane.

Nevertheless, the fact that on Pt larger amounts of H2O are
formed (Table 1) suggests that the performance obtained on
LaMnO3 is likely to be further improved by a catalyst with
similar activity in carbon oxidation but better in hydrogen
oxidation.
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