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High yields of olefins and hydrogen from decane in short contact tim
reactors: rhodium versus platinum

Jakob J. Krummenacher and Lanny D. Schmidt∗

Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave SE, Minneapolis, MN 55455, USA

Received 8 September 2003; revised 1 December 2003; accepted 5 December 2003

Abstract

The partial oxidation ofn-decane to produce H2, ethylene, andα-olefins has been compared over Rh and Pt in autothermal reactors a
contact times. Over Rh it is shown that the addition of an alumina wash coat and small foam pore size give higher H2 selectivity (> 85%),
while the absence of wash coat and larger pore size give more olefins (up to 60%). In contrast, Pt is unsatisfactory for producing2
or olefins because the conversion of bothn-decane and O2 is lower. Pt produces essentially no H2 (< 0.1% under any conditions). Ignitio
and autothermal operation over Pt also occur only over a narrow range of composition and flow rate. A catalyst consisting of Pt
higher olefin selectivity (89%) than either metal, while producing little H2. We interpret these results as caused by the high activity o
that removes all O2 early in the catalyst, leaving homogeneous pyrolysis to produce olefins. The lower activity of Pt appears to be c
its inability to completely dissociaten-decane, leaving fragments on the surface that inhibit reaction and produce a less active surfac
 2004 Published by Elsevier Inc.
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1. Introduction

The partial oxidation of lower alkanes (methane, etha
and propane) produces syngas (H2 + CO) with > 90% se-
lectivity at> 80% fuel and oxygen conversion. This proce
occurs readily over Rh on low area ceramic foam monol
at short contact times. It operates autothermally from
to 1000◦C using a fuel to oxygen ratio of C/O ∼ 1 [1–6].
Over Pt and Pt–Sn this process can be made to pro
olefins with up to 85% selectivity to ethylene from etha
at C/O∼ 2 [7].

We have recently shown that liquid alkanes such asn-de-
cane andn-hexadecane can be converted to H2 and CO with
> 80% selectivities over Rh by using a fuel injector for rap
heating and mixing with air without ignition of the mixtur
When usingn-hexadecane at C/O ∼ 2 this Rh catalyst gav
∼ 84% selectivity to olefins [8]. Further, these olefins c
be tuned between ethylene and higherα-olefins by adjusting
the C/O feed ratio and flow rate. Fuel mixtures such as die
fuel were also successfully reformed at high selectivities
conversions [8].

* Corresponding author.
E-mail address: schmidt@cems.umn.edu (L.D. Schmidt).
0021-9517/$ – see front matter 2004 Published by Elsevier Inc.
doi:10.1016/j.jcat.2003.12.005
In this paper we compare the partial oxidation ofn-de-
cane over Rh and Pt surfaces. We examine in more d
the effects of wash coat and foam pore size to determ
how these variables affect the yields of products. We
dramatic differences between the metals, especially betw
their ability to form H2 and olefins.

2. Experimental

The apparatus and procedure have been described i
tail previously [8]. An automotive fuel injector sprayed fu
droplets into a reactor tube. The reactor is heated from
wall to ∼ 250◦C. The fuel is mixed with room temperatu
air that flows around the injector. This creates a tempera
and concentration gradient which keeps the fuel–air c
position outside the flammable range to avoid flames
pyrolysis before the catalyst. The air flow was controlled
mass-flow controllers and the fuel flow by electronic con
of the injector.

Catalysts were ceramic alumina foams 18 mm diam
and 10 mm long sealed into the quartz reactor tube w
Fiberfrax alumina–silica paper. Products were analyzed
a dual-column gas chromatograph capable of detectin
species from H2 to n-decane.

http://www.elsevier.com/locate/jcat
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Foams with 45 and 80 pores per linear inch (ppi) w
compared. For some experiments these were coated w∼
5 wt%γ -Al2O3 to roughen the catalyst surface and incre
its surface area [9]. The coating was performed by soa
the monoliths in aγ -Al2O3 slurry and then drying unde
vacuum and calcining for∼ 4 h at 600◦C. Monoliths with
or without wash coats were then coated with either Rh
Pt by soaking them in Rh(NO3)3 or H2PtCl6 solutions and
calcining for∼ 6 h at 600◦C. Pt–Rh alloys were made b
mixed solutions of the two salts.

All experimental data were repeated several times o
given catalyst for operating times of many hours. Most
sults were performed on several samples prepared id
cally. All results were repeatable within at least 1% betw
experiments and 2% between samples. We observed no
vation or deactivation on any catalyst over 50+ h of continu-
ous and intermittent operation. Presumably, such high m
loading allows the formation of large size particles due
sintering. These large particles can resist further sinte
which accounts for the catalyst durability. Stability tests
thousands of hours of operation are required to asses
commercial feasibility of the process.

In all the experiments surface carbon was periodically
moved from the catalysts by turning off the fuel to oxidize
in pure air. This produced an exotherm of up to several h
dred degrees that lasted for∼ 20 s, especially after operatio
at a high C/O feed ratio. The subsequent activity and se
tivity were unaffected by carbon burnoff. We will discu
measurement of carbon on the catalyst by burnoff trans
and mass spectrometer measurement of CO and CO2 pro-
duction in a later paper. These experiments show tha
to 10 wt% carbon can be deposited on the catalysts du
operation withn-decane at high C/O, but this produces n
detectable deviations from steady-state performance o
activation.

In all experiments the total selectivity to all alkane pro
ucts was< 5% (not shown), and these were mostly C4
with small amounts of C2H6 and C3H8. The alkane selec
tivity increased with the C/O feed ratio and became< 0.1%
at C/O < 1.

3. Results

In these experimentsn-decane and air were fed to th
monolith reactor at vapor flow rates of 2 and 4 SLPM (st
dard liters per minute), which correspond to catalyst con
times of 24 and 12 ms, respectively, at an average cat
temperature of 800◦C. The C/O feed ratio was typically
varied from 0.6 to 2.0. The reactor pressure was just ab
1 atm. The wall temperature was 250◦C, which is above the
boiling point of n-decane (174◦C) and above its autoign
tion point (200◦C). For n-decane the combustion ratio
C/O = 0.323, the syngas ratio is C/O = 1, and the ratio tha
gives the highest selectivity to olefins is C/O∼ 2.
-

i-

l

e

-

t

3.1. Rhodium

We examined the effects of flow rate, wash coat, and p
size using Rh-coated monoliths. Fig. 1 shows the conver
of n-decane and oxygen and the catalyst back-face tem
ature (top), the product distribution (middle), and the ma
olefin products (bottom) at total vapor flow rates of 2 a
4 SLPM. The catalyst was an 80 ppiα-Al2O3 monolith,
wash coated with∼ 5 wt% ofγ -Al2O3, and then coated wit
∼ 2 wt% Rh. The oxygen conversion was> 99% for all ra-
tios and flow rates. Then-decane conversion was> 99% for
C/O < 1.2 at 4 SLPM and it decreased to 80% as the f
became more fuel rich. At 2 SLPM then-decane conversio
decreased from 95 to 25% as the feed became more fue
The catalyst back-face temperature increased with incr
ing flow rate because at higher flow rates the rate of
generation increases, causing the reactor to operate clo
adiabatic. As expected, the catalyst back-face temper
decreased as the fuel conversion decreased.

The optimum yield in both H2 and CO for all flow rates
occurred at C/O = 0.8, a ratio slightly lower than synga
stoichiometry. The highest selectivities for H2 (86%) and
CO (84%) occurred at C/O = 0.8 and 4 SLPM. The com
bustion products increased as the feed ratio approache
combustion stoichiometry.

The syngas selectivity decreased and the olefin selec
increased as the feed became fuel rich. The olefin prod
consisted of almost exclusivelyα-olefins as described prev
ously [8], with the highest selectivity of∼ 60% at 8 SLPM.
The major olefin produced was ethylene with 36% se
tivity at C/O = 1.0 and 8 SLPM. The ethylene selectivi
dropped at both leaner and richer ratios.

The effect of aγ -Al2O3 wash coat on a 80 ppiα-Al2O3

catalyst support is shown in Fig. 2. The graphs on the
show the results of aγ -Al2O3 wash coated 2 wt% Rh ca
alyst and the ones on the right show those with 2 wt%
without wash coat. The conversion ofn-decane and oxyge
and the catalyst back-face temperature (top), the produc
tribution (middle), and the olefin products at 4 SLPM a
shown in detail at the bottom. The oxygen conversion
creases from> 95 to> 98% at all C/O feed ratios when n
wash coat is added. The fuel conversion was approxima
the same in both cases, decreasing from 98% at C/O < 1.2
to 82% at C/O = 2. The catalyst back-face temperature w
∼ 100◦C higher at all C/O feed ratios without wash coat.

The wash-coated catalyst shows a slightly higher (∼ 5%)
maximum in the H2 and CO selectivity. The highest syng
selectivity occurred at C/O = 0.8 in both cases. As the C/O
feed ratio increased, the syngas selectivity decreased an
α-olefin selectivity increased. The maximumα-olefin selec-
tivity was 29% in the wash-coated catalyst and 40% with
wash coat. The major olefin produced was ethylene w
a maximum selectivity of 12% in the wash-coated cata
and 24% without wash coat, and both maxima occurre
C/O= 1.



J.J. Krummenacher, L.D. Schmidt / Journal of Catalysis 222 (2004) 429–438 431

), and the
Fig. 1. Effect of then-decane/oxygen feed ratio on the reactants conversion and catalyst back-face temperature (top), the product selectivity (middle
small olefins (bottom) over Rh catalysts.
an
n-
ace
the
he
sing
n

at-

h.
he
lec-
us

ctiv-

lyst
to

the

ver

igh
hile
At
er-
The performance of a 45 ppi (left) catalyst support and
80 ppi (right) with 2 wt% Rh are shown in Fig. 3. The co
version ofn-decane and oxygen and the catalyst back-f
temperature (top), the product distribution (middle), and
major olefin products (bottom) at 4 SLPM are shown. T
45 ppi catalyst showed lower oxygen conversion, decrea
from 100 to 93% as the C/O ratio increased. The oxyge
conversion in the 80 ppi catalyst was> 99% at all C/O
ratios. Then-decane conversion was 96% for the 45 ppi c
alyst and> 98% for the 80 ppi catalyst at C/O < 1.2, and
they both decreased to∼ 80% as the feed became fuel ric

The maximum hydrogen selectivity was higher for t
80 ppi catalyst, 81% versus 69%. The maximum CO se
tivity was also higher for the 80 ppi catalyst, 79% vers
69%. The syngas selectivity dropped and the olefin sele
ity increased as the feed became fuel rich (C/O > 1). The
olefin products consisted of almost exclusivelyα-olefins,
and the highest selectivity was 40% for the 80 ppi cata
and 78% for the 45 ppi catalyst. The highest selectivity
ethylene was 24% for the 80 ppi catalyst and 37% for
45 ppi catalyst, they both occurred at C/O ∼ 1.0.

3.2. Platinum

Autothermal operation of Pt could be obtained only o
a narrow range of composition and flow rate. At C/O feed
ratios of< 0.8 safe operation was jeopardized by the h
catalyst temperature and the low oxygen conversion, w
ratios> 1.2 resulted in unstable operation and extinction.
flow rates> 4 SLPM the oxygen conversion became dang
ously low, and at< 2 SLPM it was difficult or impossible to
ignite the catalyst.
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Fig. 2. Effect of theγ -Al2O3 wash coat. The effect of then-decane/oxygen feed ratio on conversions (top), and the product selectivity (middle and bo
over Rh catalysts at 4 SLPM.
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Fig. 4 shows the conversion ofn-decane and oxygen an
the catalyst back-face temperature (top), the product d
bution (middle), and the major olefin products (bottom)
vapor flow rates of 2 and 4 SLPM. The catalyst was an 80
α-Al2O3 monolith coated with 2 wt% Pt.

The range of C/O examined over Pt was much low
than for Rh because oxygen conversion was low at all C/O
feed ratios and flow rates,∼ 75% at 2 SLPM and∼ 45% at
4 SLPM. Then-decane conversion was∼ 80% for both 2
and 4 SLPM. The catalyst back-face temperature decre
with increasing flow rate because of the decrease in oxy
conversion. As expected, the catalyst back-face temper
decreased as the fuel conversion decreased.

The selectivity to H2 was undetectably small on Pt
all C/O feed ratios and flow rates; we placed a bou
on this of 0.1%. The selectivity to CO at all C/O feed
d

e

ratios was also much lower than over Rh,∼ 12% at 2
SLPM and∼ 9% at 4 SLPM. The selectivity to H2O was
high, ∼ 50% at 2 SLPM and∼ 40% at 4 SLPM, and
did not change as the feed became fuel rich. The c
bustion products increased slightly as the feed ratio
proached the combustion stoichiometry. The olefin prod
consisted of almost exclusivelyα-olefins, and the highes
selectivity of 88% occurred at 4 SLPM. The major ole
produced was ethylene with 13% selectivity at C/O = 0.8
and 2 SLPM. At 4 SLPM the selectivity to ethylene w
∼ 5%.

3.3. Alloy catalysts

To examine the effects of Pt–Rh alloys we used an 80
α-Al2O3 monolith coated with∼ 2 wt% Pt–Rh at the ratio o
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dle
Fig. 3. Effect of the catalyst porosity 45 ppi (left) vs 80 ppi (right). The effect of the C/O feed ratio on conversions (top) and the product selectivity (mid
and bottom) over Rh without wash coat at 4 SLPM.
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10:1. The fuel and oxygen conversions were higher than
Pt and the catalyst operated over a wider range of C/O ratios.
Fig. 5 shows the conversion ofn-decane and oxygen and th
catalyst back-face temperature (top), the product distribu
(middle), and the major olefin products (bottom) at flow ra
of 2 and 4 SLPM.

The highest selectivities for H2 (18%) and CO (49%) oc
curred at C/O = 0.7 and 2 SLPM. The syngas selectivi
dropped rapidly and the olefin selectivity increased as
feed became more fuel rich. The olefin products consiste
almost exclusivelyα-olefins, and the highest olefin select
ity of 81% occurred at both 2 and 4 SLPM. The major ole
produced was ethylene with 33% selectivity at C/O = 0.9
and 2 SLPM. The highest selectivities for propylene a
1-butene were obtained at 2 SLPM.
3.4. Pt with Rh on the front face

Experiments were attempted on a 45 ppi monolith coa
with 2 wt% Pt, but it failed to ignite at any flow rate. Ther
fore, we coated a drop of Rh on the front face of a 45
Pt-coated monolith. This corresponds to∼ 0.002% Rh in Pt.

This Pt catalyst with Rh on the front face had no pro
lems igniting. Fig. 6 shows the results obtained at a t
vapor flow rate of 6 SLPM. This catalyst shows a low ox
gen conversion which decreased from 95 to∼ 70% as the
C/O increased. The synthesis gas selectivity and the ov
product distribution are comparable to those from the Pt
10:1 catalyst. However, total olefins selectivity is higher,
most 90%. The ethylene selectivity was also higher wit
maximum of 40% at C/O = 1.2.
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Fig. 4. Effect of then-decane/oxygen feed ratio on conversions and catalyst back-face temperature (top) and the product selectivity (middle and bot
Pt catalyst. It operates over a narrow C/O range and shows low fuel and oxygen conversions. It was also difficult to ignite.
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3.5. Downstream reactor temperature

The products are collected∼ 15 cm downstream of th
catalyst. The products leave the catalyst at a high temp
ture, but they cool down somewhat before they are colle
for analysis. Previous experiments showed that from eth
considerable downstream homogeneous reaction result
higher ethylene yield [7].

We added or removed insulating material downstre
of the catalyst to control the temperature of the gases
ter the catalyst. A thermocouple was introduced∼ 15 cm
downstream of the catalyst, to measure the exit gas tem
ature. We found that increasing the gases temperatur
a Rh catalyst, by∼ 200◦C can significantly increase fu
conversion and olefins selectivity. Fig. 7 shows the y
(yield = fuel conversion×selectivity) of olefins and ethyl
ene obtained with and without heating. At high C/O feed
-

,
a

-

ratios the higher temperature case shows a much larger
to olefins, which confirms that the higher temperature s
tain homogeneous chemistry downstream of the catalys

4. Discussion

The most surprising feature of these experiments is
low reactivity of Pt compared to Rh forn-decane and th
complete absence of H2 production over Pt. This is not ex
pected from comparable experiments with lower alkan
We will discuss reasons for these differences and the m
anisms they imply.

4.1. Mechanism

Basically, the mechanism for syngas production that
and others have proposed [2,3,10] assumes that the pr
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all olefins
Fig. 5. Effect of then-decane/oxygen feed ratio on conversions and catalyst back-face temperature (top), the product selectivity (middle), and the sm
(bottom) over uniformly coated Pt:Rh 10:1 catalyst.
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is initiated by dissociation of the alkane followed by rap
oxidation of C on the surface to form CO and dimerization
adsorbed H to form H2. This generally occurs within the firs
millimeter of the Rh catalyst, as confirmed by experime
with variable bed length [11] and by detailed models [1
The front face of the catalyst is up to 200◦C hotter than the
back face. For all alkanes CO appears to be the primary p
uct of the surface oxidation reaction. For CH4 most reaction
occurs on the surface, and less than 15% of the H2 formed
is produced by reaction of CH4 with H2O (steam reform-
ing) [1,2].

Olefin formation over Pt and Pt–Sn from C2H6 appears to
occur through initial surface combustion that rapidly he
the catalyst to temperatures where homogeneous and
face pyrolysis produce C2H6 [7,13]. Downstream samplin
of products from C2H6 on Pt confirms that considerable r
action occurs homogeneously after the gases have lef
-

catalyst [7,14]. Addition of D2 to the feed shows that little
deuterated ethylene is formed [7], further indicating the s
plicity of the mechanism at short contact times.

Higher alkanes of course have many more reaction c
nels than CH4 and C2H6. Pyrolysis of normal alkanes occu
by β-scission andβ-H elimination, which produces ethylen
andα-olefins, respectively [8].

4.2. Rhodium

Over Rh, the experiments suggest that all alkanes are
tially dissociated completely to C and H, and that par
or total oxidation of these species removes them from
surface (with microsecond to nanosecond surface resid
times), and this provide the energy to heat the catalys
∼ 1000◦C to initiate pyrolysis which may be largely hom
geneous. The Rh catalysts therefore have an oxidation
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the olefin
Fig. 6. Effect of then-decane/oxygen feed ratio on conversions and catalyst back-face temperature (top), the product selectivity (bottom left), and
distribution (bottom right) over a 2 wt% Pt catalyst with 0.002 wt% Rh on the front face. The catalyst cross section is shown on the top left.
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Fig. 7. Effect of the reactor downstream temperature on total olefin and
ylene yields at 8 SLPM over Rh catalysts. It clearly shows that increa
the gases temperature downstream of the catalyst results in a sign
increase in ethylene and olefin yield. These results emphasize that ho
neous reactions take place after the catalyst.

comprising the first millimeter of the catalyst where O2 and
adsorbed O maintain a carbon-free surface. After all O2 is
consumed, C builds up sufficiently to slow surface che
istry and allow pyrolysis to dominate. However, multilaye
of carbon and graphite would block the catalytic surfa
and block channels, and this would clearly be unsatisfac
The reasons for the fact that this process still functions w
up to 10 wt% carbon in the ceramic foam are still not w
understood.
t
-

All of these catalysts produced primarilyα-olefins, with
very little internal olefins or chain branching. This sho
that intermolecular chain transfer, which would produce
merization and internal olefins, is not important. In the sh
time of these experiments, unimolecularβ-scission and H
elimination appear to dominate over all bimolecular re
tions.

4.3. Effect of wash coat and pore size

The α-Al2O3 foam monoliths are usually wash coat
with ∼ 5 wt% of γ -Al2O3 in order to increase surface ar
and decrease pore size. This technique is assumed to
best when mostly heterogeneous reactions are desire
We studied the effect of aγ -Al2O3 wash coat on a 80 pp
Rh-coated catalyst. As shown in Fig. 2, theγ -Al2O3 wash
coat improves synthesis gas selectivity by∼ 5%. However,
the catalyst without wash coat shows 25% higher select
to olefins. The fuel and oxygen conversions were com
rable, but the catalyst back-face temperature was∼ 100◦C
higher in the catalyst without wash coat. These results
presumably due to the lower surface area that account
less heterogeneous chemistry, thus allowing more of th
actants to produce olefins homogeneously.

The effect of pore size was compared over Rh-coate
and 80 ppi monoliths. As shown in Fig. 3, fuel and oxyg
conversions and catalyst back-face temperature were l
on the 45 ppi catalyst than on the 80 ppi. The selectivit
synthesis gas was also lower on the 45 ppi catalyst but
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Rh

0)

on the front
Table 1
Maximum selectivity (%) of products from different fuels over Rh, Pt, Pt–Rh 10:1 or Pt with Rh on the front face catalysts

H2 CO Total olefins C2H4

Rh Pt Pt–Rh Rh Pt Pt–Rh Rh Pt Pt–Rh Rh Pt Pt–

n-C10H22
a 86 0 18 (10) 84 12 49 (50) 60 88 81 (89) 36 13 33 (4

CH4 95 84 – 94 93 – – – – – – –
C2H6 70 40 – 70 63 – – – – 40 80 –
C3H8 82 40 – 80 68 – 12 60 – 8 30 –
n-C6H14 99 – – 96 – – 15 – – 7 – –
n-C16H34 82 – – 81 – – 84 – – 8 – –

Totals greater than 100% because maximum occur at different conditions. Numbers in parentheses are for a 2 wt% Pt catalyst with 0.002 wt% Rh
face. Total olefins include ethylene.
a Current results.
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selectivity to olefins almost doubled and the selectivity
water was∼ 30% higher on the 45 ppi catalyst. These
sults can be attributed to the larger pore size of the 45
(∼350 µm for the 45 ppi versus∼200 µm for the 80 ppi)
which allows more homogeneous chemistry to take pla
thus increasing the selectivity to olefins. The wash coat
pore-size effects observed in these experiments are
sistent with those previously found with hexane and i
octane [5].

4.4. Rhodium versus platinum

The results obtained indicate that Rh surfaces are m
more active than Pt. Over Pt surfaces, the oxygen conve
was only∼ 75% at 2 SLPM and it was so low at 5 SLPM th
experiments were unsafe. Fuel conversion and catalyst
peratures were also lower over Pt than Rh surfaces. T
results are summarized in the first row of Table 1 wh
shows maximum selectivities to these products. We note
these were obtained in air, but under different condition
composition and flow rate.

Large differences in the product distributions exist.
produced hydrogen with high selectivities, while Pt ma
virtually zero hydrogen. The total olefins produced over
were larger than those over Rh under identical conditio
Over Pt the olefins were mostly 1-pentene and higher, w
over Rh 1-butene and lower. Pt also produced more H2O
than Rh.

These results, in which Rh shows better reactivity th
Pt, show some correlation with previous results found
smaller alkanes, but differences for decane are larger.
ble 1 shows maximum selectivities to H2, CO, total olefins
(including ethylene), and ethylene for different fuels o
Rh, Pt, Pt–Rh, and Pt with Rh on the front face ca
lysts [4,5,7,8,11,15,16]. In all alkanes studied, Pt show
lower selectivity to synthesis gas than Rh. However, the
lectivity to olefins over Pt is far greater than that over R
The selectivity to ethylene varies depending on the ch
length of the fuel. Smaller alkanes (ethane and propane)
duce more ethylene on Pt than on Rh, but large alkanen-
decane) do the opposite. We emphasize that these are
mum selectivities observed in air under different conditio
-

-

i-

For n-decane the selectivity to olefins increases in
following catalyst order: Rh� Pt–Rh� Pt. However, the
selectivity to H2, CO, and ethylene increases in the oppo
catalyst order. On methane, ethane, and propane, the s
tivity to H2 and CO increases as the catalyst changes fro
to Rh, but the selectivity to ethylene increases in the oppo
direction.

The partial oxidation of methane shows that both o
gen and fuel conversions are lower on Pt than on Rh,
the selectivity to H2 and CO is higher on Rh than on P
catalysts [17]. This trend can be due to a higher reacti
of surface oxygen with dissociated hydrogen over Pt t
over Rh, which forms hydroxyl groups (and therefore wat
This reactivity difference can be attributed to the higher b
strength for Rh–O than for Pt–O, 70 versus 52 kcal/mol
(from activation energies for oxygen desorption) [3].

4.5. Alloy catalysts

The results over Pt–Rh catalysts (Table 1) indicate
this catalyst behaves like a Rh catalyst at low C/O feed ra-
tios, although it showed much lower synthesis gas select
and higher olefin selectivity. At high C/O feed ratios the
catalyst behaves like a Pt catalyst, producing essentiall
hydrogen and large amounts of olefins and water, but w
higher fuel and oxygen conversions than Pt. These re
confirm the higher reactivity of Rh. A catalyst containi
only ∼ 10% Rh in Pt can act as a pure Rh catalyst un
certain conditions.

5. Summary

Rh and Pt catalysts for partial oxidation of larger alk
nes behave quite differently than for CH4 and C2H6 fuels
in formation of both syngas and olefins. In formation of H2,
Pt produces essentially none under any conditions (ex
by adding Rh). The choice of metal is thus nearly an on–
switch for H2. This appears to be caused by the presenc
O2 over Pt throughout and downstream that rapidly oxidi
any H2 that might be formed in alkane pyrolysis.

Rh is also the preferable pure metal for olefin formati
and it can be tuned by geometric effects (pore size, w
coat, preheat and postheat, flow rate, and composition)
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sufficient sensitivity that considerable control over a la
scale process should be possible.

The results with Pt–Rh mixtures also suggest that th
are chemical variables that may be tuned to optimize th
processes. Other additives such as base metals and o
should change the chemistry to enhance formation of
species and suppress others.

The geometrical and chemical causes of these change
not simple because it involves indirect variables such as
catalyst temperature, coverages of species such as ca
and flow patterns within the catalyst structure. The va
tions of these parameters with position in the catalyst
also significant. As examples, the temperature is meas
to vary by 200◦C from front to back, and the coverage
calculated to switch from O to C within a few millimeters
the entrance. Both further experiments and simulations
be necessary to interpret these effects.
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