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A polycrystalline Pt foil has been investigated as model catalyst in methane catalytic partial oxidation
to synthesis gas. It is demonstrated that a substantial amount of carbonaceous deposits forms on the Pt
foil upon reaction light-off blocking a large fraction of Pt surface atoms. By using in situ Raman spec-
troscopy and quantitative spectral analysis the evolution and spatial distribution of these carbonaceous
compounds with reaction temperature and reaction time have been characterized. The chemical compo-
sition of the carbon material changes from highly reactive and strongly disordered directly after reaction
light-off to highly ordered, oxidation and steam reforming resistant after several hours time on stream
at 800 °C reaction temperature. Remarkably the carbon distribution at the Pt surface was found to be
inhomogeneous and related to the nature of the microcrystals forming the polycrystalline foil in a yet

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The catalytic partial oxidation (CPO) of methane (Eq. (1)) is a
potential technology for decentralized conversion of natural gas,
consisting mainly of methane, into synthesis gas or hydrogen.
In comparison to industrial synthesis gas production by highly
endothermic steam reforming (Eq. (2)) carried out in large and
cost-intensive tube furnaces, methane CPO is exothermic and can
produce synthesis gas yields close to thermodynamic equilibrium
in millisecond contact times if proper catalysts are chosen. Due to
the high rate and exothermicity, technical CPO reactors could be
much smaller than steam reformers and could operate adiabati-
cally as the reaction is self sustained and high temperatures favor
synthesis gas production over total oxidation (Eq. (3)).

CHy4 + %oz > CO+2H,  AH® = -36k]/mol (1)
CH4 +H,0 > CO+3H,  AH® = +206kj/mol 2)
CH4 + 20, — CO3 +2H,0  A;H® = —803 kJ/mol (3)

Hickman and Schmidt [1-4] showed that Pt and Rh supported
on highly porous a-alumina foam monoliths (porosity >80%) make
excellent CPO catalysts due to their low pressure drop at outstand-
ing transport characteristics.
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By means of spatial reactor profiles it was later shown by Horn et
al.[5] that on both Rh and Pt coated foam catalysts syngas formation
can be formally described by a combined oxidation (Eq. (4)) and
steam reforming (Eq. (2)) mechanism.

CHy + (z—%_g) 0y — XHy + yCO + (2 — x)H,0

+H1-y)C0;  AH® =f(x,) (4)

Dry (CO,) reforming, as sometimes reported in the literature, is
not observed [6].

Fig. 1 shows a comparion of spatial profiles measured in Rh and
Pt foam catalysts for a stoichiometric CH4/O, ratio according to
Eq. (1) reproduced from [5] with permission by Elsevier. These
profiles were measured at exactly equal conditions (equal metal
loading, equal reactant stoichiometry, equal flow rate, equal sup-
port) reflecting the difference in the catalytic performance of Rh
and Pt. It can be seen that even though species and temperature
develop similarly in both foam catalysts quantitative differences
exist leading to an overall lower methane conversion and lower
syngas selectivity at the end of the Pt foam catalyst compared to the
Rh foam catalyst (X§fj, = 76%, X}, = 62%, Sf! = 96%, Sfi = 65%,

CHy =
SR = 92%, SEL = 73%).

While it was demonstrated experimentally [7] and numerically
[8-10] for Rh foam catalysts that methane CPO is film transport
limited under basically all investigated conditions, it was found that
methane CPO on Pt foam catalysts is largely kinetically controlled

[5,7]. Indeed it is clearly seen in Fig. 1 that reactant conversion and
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Fig. 1. Comparison of spatially resolved species and gas phase temperature profiles for methane CPO on rhodium and platinum. Left: 5wt.% Rh supported on an 80 ppi a-

alumina foam monolith of about ~10 mm length. Right: 5 wt.% Pt supported on an analog foam monolith. Total inlet gas feed in both cases VCH4 + \‘/02 + Var = 4700 mln min~

1

at 273 K. Inlet stoichiometry C/O = VCH4 /(2\702) =1.0 and \I/Ar/\'/o2 = 3.76. Catalyst foam between first and last dotted line. Length of oxidation zone indicated by second

dotted line. Data reproduced from [5] with permission by Elsevier.

product formation is much slower on the Pt foam catalyst than on
the Rh foam catalyst and the question arises why this is the case.

Giving an answer to this question is of considerable interest not
only from a fundamental but also from a practical point of view
because it could be that the superior catalytic performance of the
Rh foam catalyst in terms of methane conversion and synthesis gas
selectivity is solely due to the higher reaction rate leading to pro-
nounced film transport limitation and a very low O, concentration
at the Rh surface as it was numerically predicted by Dalle Nogare
et al. [8]. In this case all surface reactions would proceed at the
highest physically possible rate, viz. the rate of species transport to
the Rh surface, leading to high methane conversion in the oxidation
and steam reforming zone (Fig. 1). In terms of syngas selectivity a
low O, concentration at the Rh surface leads to high selectivity to
partial oxidation products already at the end of the oxidation zone
which is then further improved by rapid steam reforming in the
steam reforming zone.

This more physical explanation shines a new light onto the
selectivity discussion given in the landmark paper by Hickman
and Schmidt [1] where the poorer performance of Pt compared to
Rh was attributed solely to a difference in the activation barrier
for the surface reaction H* + 0* — OH* of ERM = 20kcal mol~! vs.
ERM = 2.5kcal mol’l,respectively. It is in fact rather unlikely that
such differences in activation barriers have a pronounced influence
at temperatures close to 1000°C and in presence of pronounced
film transport limitations such as on Rh.

In the present paper we demonstrate that oxidation and steam
reforming resistant carbon deposits form on a Pt surface upon igni-
tion of methane oxidation blocking a large fraction of Pt surface
atoms. This observation, even though obtained on a polycrystalline
Pt foil as a model system and not yet reproduced for a Pt coated
foam catalyst, could be a tentative explanation why methane oxi-
dation and methane steam reforming is significantly slower on Pt
compared to Rh with all the catalytic consequences outlined above.

2. Experimental

All experiments were conducted in a temperature controlled
in situ reactor cell (Linkam Scientific Instruments, type CCR1000)

located under a confocal Raman microscope. The reactor was oper-
ated at 1 atm pressure and could be heated up to 1000°C using a
pre-defined temperature program monitored by a thermocouple in
direct thermal contact with the reactor sample holder.

A high purity platinum foil was used as model catalyst
(Goodfellow Cambridge Limited, 99.99+% purity, polycrystalline
~4mm x 4mm x 0.125 mm) mounted on the inner rim of the reac-
tors virtually unreactive ceramic crucible. The platinum foil was
cleaned prior to the experiments by repeated rinsing in diluted
nitric acid. After placing the foil in the reactor cell it was fur-
ther cleaned by oxidation at 800°C (30 min, 20vol.% O, in Ar,
50mIinmin—!) followed by reduction at the same temperature
(30 min, 20 vol.% H, in Ar, 50 mln min—') and cooling down to room
temperature.

Online gas analytics was accomplished by a calibrated mass
spectrometer (Pfeiffer Vacuum) in analog scan mode using the Ar
peak at m/z=40 as internal standard.

Raman spectra were recorded by a triple filter Raman spec-
trometer (TriVista S&I GmbH) with a CCD camera (Princeton
Instruments) as detector attached to a confocal microscope (Olym-
pus, 10x long-working distance objective), using an Ar* laser with
Ao =488 nm excitation wavelength (3mW on the sample). The
spectrometer was operated in triple subtractive mode and each
spectrum was integrated for 10 min. A two point wavelength cali-
bration was used (laser wavelength and first-order Stokes phonon
band of Si at 520cm™1).

At the applied laser wavelength of 488 nm an intense continuum
background occurs at temperatures above 600 °C due to black body
radiation from the sample. To overcome this problem an algorithm
developed by Gornushkin et al. [11] was adapted to automati-
cally eliminate the continuum background without significantly
compromising the spectral integrity in the region of interest. An
exemplary spectrum of untreated raw data (black trace), estimated
black body background (red trace) and corrected spectrum (blue
trace) is depicted in Fig. 2.

For better comparability the baseline corrected spectra were
normalized to the G band intensity and fitted depending on the
general peak shape. Two cases can be discriminated as shown in
Fig. 3. Baseline separated peaks are fitted by two Lorenzian-shaped
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Fig. 2. Background correction of in situ Raman spectra of carbonaceous deposits
on a platinum foil during CPO of methane recorded at 800 °C reactor temperature.
Black: Raman raw data, red: estimated polynomial for continuum background by
black body radiation from the sample adapted from Gornushkin et al. [11] and blue:
background corrected Raman spectrum. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of the article.)

bands with maxima at about~1350 cm~! (D band)and ~1580 cm™!
(G band) (Fig. 2, left panel). If two broad and overlapping Raman
bands occur they are fitted by the five peak method proposed
by Sadezky et al. [12]. These authors suggest a combination of
four Lorentzian-shaped bands labeled D4, D1, G, and D2 centered
around 1200, 1350, 1580, and 1620cm™!, respectively, and one
Gaussian-shaped D3 band centered around 1500 cm~. For spectral
analysis the Stokes shift band position, full width at half maximum
(FWHM), and integrated band intensity were determined from the
spectra.
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3. Results and discussion
3.1. Raman spectra of defective carbon

The first-order Raman spectra of disordered and amorphous
carbonaceous materials such as coke or soot are characterized by
two broad and usually overlapping peaks with maxima at around
~1350cm~! (D peak) and ~1580 cm~! (G peak). The G or ‘graphite’
peak is attributed to the vibrational mode of in-plane bond stretch-
ing motion of sp2-hybridized carbon atoms with E>g symmetry in
an ideal graphitic lattice [13]. The D or ‘defect’ bands are char-
acteristic for disordered graphite. Their intensity relative to the
G peak increases with increasing degree of disorder [14]. The
D bands are attributed in literature as follows: The intense D1
band, which is located at about ~1350cm~! is associated with
the A;g; breathing mode of a graphitic lattice. It is assigned to
carbon atoms adjacent to lattice disturbance such as graphene
layer edges [14-16,12] or a hetero atom in the case of doped
graphite [16,12]. The D1 FWHM exhibits a nearly linear nega-
tive correlation with the amount of apparent elemental carbon
in carbonaceous materials [17,18]. The shoulder of the D1 band
at about ~1200cm~1!, usually referred to as D4, is assigned to
sp2-sp3 bonds or C-C or C=C stretching vibrations of polyene-
like structures with Ay symmetry [19,20,12]. The signal intensity
between the two main features of the carbon signal is assigned to
an additional band D3 located at about ~1500cm~". The D3 band
originates from amorphous carbon species, viz. organic molecules,
fragments, and functional groups, on interstitial places in the dis-
turbed graphitic lattice of soot [19-22,12]. For soot and related
carbonaceous materials it has been shown that the D3 band inten-
sity together with the D1 band FWHM allow to derive information
about the relative abundance and structural order of graphite-
like and molecular carbon [12,18]. These spectroscopic parameters
give most information on amorphisation/graphitization of a cer-
tain carbon material. Finally the G band around ~1580cm™! is
also suggested to be a superposition of two bands in which
the additional band at ~1620cm~! is referred to as D2 band.
The D2 band was assigned to a lattice vibration analogous to
the G band but involving vibrations of surface graphene layers
[16,12].
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Fig. 3. Left: fit of two baseline separated carbon peaks by two Lorentzian-shaped bands [13]. Right: fit of two broad overlapping peaks by combination of four Lorentzian-

shaped and one Gaussian-shaped bands after Sadezky et al. [12].
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Fig. 4. Molar flow rates of reactants and products during temperature programmed
methane CPO. Dotted lines indicate reactor temperature set points. Dashed lines
indicate time coordinates where a corresponding Raman spectra was recorded.

3.2. In situ Raman spectra during temperature programmed
reaction

A temperature programmed experiment with nine tempera-
ture steps from room temperature to 800 °C reactor temperature
was performed to investigate the existence and nature of carbon
deposits forming on platinum during methane CPO. The Raman
sampling position was chosen arbitrarily close to position 24 in a
region with less scratch marks from cut and handling as indicated
in Fig. 6.

At a constant gas feed rate of composition Va/Veu,/Vo, =
8.94/5.81/2.41 mln min~" respectively (C/O=1.2), the reactor cell
was stepwise heated (heating rate 50 Kmin—!) starting from room
temperature. After the target temperature was reached the tem-
perature was hold for 10 min until the Raman spectrum was taken.
Subsequently the next temperature set point was addressed. Fig. 4
shows the molar flow rates of the reactants and the products as fol-
lowed by online mass spectrometry. The reactor temperature set
points are indicated by dotted vertical lines and the corresponding
Raman spectra were recorded at the dashed line positions. A plot
of the G-band normalized Raman spectra is shown in Fig. 5.

At ambient temperature up to 300°C no reaction was observed
as indicated by the constant reactant molar flow rates. No product
species were detected. The recorded Raman spectra in this tem-
perature range showed no significant differences in comparison to
the clean platinum foil after oxidative and reductive treatment. At a
reactor temperature of 400 °C the oxygen molar flow rate decreased
barely visible indicating a beginning of reaction. Water and carbon
dioxide are the exclusive reaction products at 400°C. The minor
reactivity detected by the mass spectrometer did not lead to any
changes in the Raman spectrum at this temperature, it was still the
same as for the clean platinum foil.

Reaction light-off occurred during heating to 500°C. The
methane molar flow rate decreased in a step-like manner under
total consumption of oxygen. The reaction products at 500 °C were
that of methane combustion CO, and H,O with only traces of CO
being formed. Hydrogen was not yet detected at this temperature.
From the catalytic data (Fig. 4) it can be seen that the reactant and
product molar flow rates stayed approximately constant after the
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Fig. 5. Evolution of carbon Raman bands as function of reactor cell temperature.
Dots: normalized measured Raman intensity, lines: fit according to Sadezky et al.
[12].

first 10 min upon reaching the next temperature level. In the Raman
spectrum the carbon region changed dramatically after reaction
light-off, now showing the typical broad and strongly overlapping
carbon peaks as described in detail in Section 3.1. As outlined in
the introduction this carbon formation could block/passivate parts
of the active Pt centers in methane CPO explaining why methane
CPO on a-alumina supported platinum catalysts is slower than on
the corresponding Rh catalysts operating in film transport regime.
However this is a hypothesis at the moment as the experimental
confirmation on a-alumina supported platinum foam catalysts is
still due.

If the temperature was further increased to 600°C carbon
monoxide and hydrogen were formed in larger amounts. The reac-
tivity plot in Fig. 4 shows a significant induction behavior of the
methane CPO under this conditions. Immediately after the heating
step to 600 °C the reactivity of the platinum foil is highest as indi-
cated by the step-like increase in methane conversion and carbon
monoxide and hydrogen formation. At the same time the molar
flow rates of carbon dioxide and water show a mirror like decrease.
This initial activity decays then asymptotically to the new steady
state activity. For the temperature step to 700 °C the same response
is observed. Immediately after the temperature increase, methane
conversion and synthesis gas selectivities are highest but decrease
towards a new steady state. Upon switching to 800°C the induc-
tion period is lost and the new steady state is almost immediately
reached.

Fig. 5 shows the corresponding Raman spectra recorded at each
temperature set point and Table 1 summarizes the fitting parame-
ters according to Sadezky et al. [12]. As discussed in Section 3.1 the
D1 FWHM together with the D3 band intensity can be used as indi-
cators for the chemical nature of carbonaceous materials allowing
discrimination between different defective carbon species.

Fig. 5 shows clearly that the carbon species formed on the plat-
inum surface change their structure significantly as a function of
reaction temperature. The D3 band intensity decreased by one
fourth of its inital value by increasing the temperature from 500 to
800°C. Simultaneously the D1 FWHM is reduced by more than 20%.
This is a direct evidence for a steady loss in the amorphous molec-
ular carbon fraction and increasing structural order of the initially
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Fitting parameters for quantitative spectral analysis of carbon Raman bands formed during temperature programmed methane CPO on a platinum foil according to the five

band fitting procedure proposed by Sadezky et al. [12].

T D4 pos. D4 FWHM D4 area D1 pos. D1 FWHM D1 area D3 pos. D3 FWHM
(°Q) (cm™1) (cm™1) (au) (cm™1) (cm™1) (auw) (cm™1) (cm™1)
RT-400 - - - - - - - -

500 1149 211.5 414 1356 142.5 149.9 1528 187.5
600 1221 144.8 16.0 1354 129.8 149.9 1536 179.6
700 1203 119.0 14.9 1345 120.0 140.2 1536 154.7
800 1187 96.7 121 1340 111.1 125.5 1550 116.2
800 - - - 1344 31.6 11.1 - -

T D3 area G pos. G FWHM G area D2 pos. D2 FWHM D2 area
(°C) (a.u.) (cm™1) (cm™1) (cm™1) (ecm™1) (cm™1) (a.u.)
RT-400 - - - - - - -

500 80.5 1581 57.3 34.6 1612 60.9 30.7
600 57.7 1579 50.7 354 1605 48.0 319
700 334 1576 44.5 341 1598 411 31.8
800 21.6 1577 42,5 48.7 1600 25.0 10.6
800 - 1567 26.0 40.0 - - -

amorphous coke deposits with increasing temperature. Further-
more the carbon Raman spectra show a pronounced change with
time on stream. The dotted spectrum in Fig. 5 shows the state of
the surface carbon after keeping the reactor temperature at 800 °C
for additional 5.5 h under reaction conditions. The spectrum turns
into an almost perfect graphite spectrum with two narrow bands at
about ~1344 and ~1567 cm~!. Obviously, under the investigated
conditions the highly reactive molecular carbon species are gasi-
fied either by oxidation or steam reforming with time on stream
from the Pt surface. Due to the totally defect controlled reactivity
of carbon materials only unreactive, highly ordered carbon is left
behind.

3.3. In situ Raman x,y-mapping of platinum foil during methane
CPO

To confirm the observations described above and obtain a more
generalized picture of the platinum foil, a 6 x 5 grid of sampling
points was selected to cover the entire Pt foil uniformly. Fig. 6 enu-
merates the sampling positions indicated by the bright laser dots
in the displayed composite light-optical micrographs.

The clean platinum foil was heated to 800 °C reactor tempera-
ture with 50 Kmin~! under a constant gas feed of Va/Vcu, /Vo, =
11.73/11.42/2.84 mln min~"! respectively corresponding to a C/O
ratio of 2.0. After about ~16 min the final reactor cell temperature

was reached where the Pt foil was hold for another 30 min time on
stream before the first Raman spectrum was measured at sampling
position 1. After the first spectrum was taken all other positions
were addressed successively by computer controlled movement of
the reactor cell mounted on the x, y, z microscope table under the
fixed laser focus. Fig. 7 shows the molar flow rates of reactant and
products measured by online mass spectrometry during the map-
ping experiment. After reaction light-off oxygen is fully consumed
but the initial high methane conversion decreased quickly within
the first ~10 min accompanied by a decrease in all product flow
rates. With further time on stream the flow rates of H,, CO increase
slightly before they reach steady state at about ~3 h time on stream.

The first Raman spectrum (position 1) was recorded after the
strong initial reactivity changes had leveled off. Prior measuring of
the Raman spectra a light-optical micrograph was recorded at each
sampling position. The right panel of Fig. 6 depicts a superposition
of all sampling positions during the mapping experiment together
with a panoramic view of the entire foil. Already from the light-
optical micrograph the coke deposits covering the platinum foil
can be identified. Remarkably, the surface is not evenly covered
by carbon deposits but rather distinct zones of higher and lower
gray contrast can be discriminated, which are separated by sharp
boundaries. By their size and shape these zones can be assigned
to the randomly oriented crystallites forming the foil microstruc-
ture. Generally, highly graphitized carbon species can be identified.
Most of the sampling positions resemble each other and exhibit two

Fig. 6. Light-optical micrograph of the polycrystalline platinum foil serving as model catalyst in methane CPO. The bright laser spots indicate the Raman sampling positions.
Left: platinum foil after oxidative and reductive cleaning as described in Section 2. Right: platinum foil under CPO conditions at T=800 °C reactor cell temperature.
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Fig. 7. Reactant and product molar flow rates measured during the in situ Raman
mapping experiment under methane CPO conditions. Dotted vertical lines indicate
the time coordinate where Raman spectra were recorded. Positions correlate with
Fig. 6.

sharp carbon bands, located at about ~1344 (D1) and ~1567 cm™!
(G). The blue trace in Fig. 8, left panel, recorded at sampling posi-
tion 15 represents this most common peak shape. The right graph
in Fig. 8 shows the relative D band intensity (D1 area)/(G area) or
in case of overlapping bands (D4 + D1 area)/(G + D2 area)) as a func-
tion of the gray level in the light-optical micrographs from Fig. 6 and
allows discrimination between sampling positions with different
spectral information. The majority of sampling points concentrate
at a relative D intensity around 0.5 or smaller and medium to dark
gray level. Deviations from the average spectral shape and therefore
position in Fig. 8 will be highlighted in the following.
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Position one and two are apparently covered by the most defect
rich carbon which is in line with the results discussed earlier show-
ing thatamorphous and inhomogeneous carbon species are initially
formed after reaction light-off. The black trace in Fig. 8 shows the
Raman spectrum recorded at position one. The Raman bands are
broader than in all other spectra and the D and the G band are
strongly overlapping. The G band maximum is significantly shifted
to higher wavenumbers compared to all other spectra due to a
rather high D2 band intensity. In the Raman spectrum measured
at position two a shoulder to the G band can still be discerned
but much less pronounced than at position one. With longer time
on stream the rather reactive amorphous carbon is being removed
from the surface or converted into an oxidation resistant highly
ordered planar carbon. For all spectra measured later than position
two the five band fitting procedure suggested by Sadezky et al. [12]
does no longer lead to converging results due to the graphite-like
nature of the carbon surface species. It can therefore be estimated
that the structural changes of the initial carbon species are largely
finished within 1 h after reaction light-off.

Positions 7, 14, and 25 gave Raman spectra of significantly lower
signal intensity as can be seen in Fig. 8 on the lower signal to
noise ratio, represented by the green trace in Fig. 8 (left panel).
Even though the intensity of a Raman band cannot be easily corre-
lated with the surface concentration of a particular species, it can be
assumed the the amount of surface carbon is less than for the other
sampling positions in agreement with the gray contrast observed
in the light-optical micrograph (Fig. 6, right panel).

Position 19 and 20 attract particular attention (represented by
red trace in Fig. 8, left panel), because they do not exhibit any
detectable carbon bands. Also the crystallite that is probed at these
positions looks rather metallic in the light-optical micrograph. This
is a remarkable finding which has important consequences for the
microkinetic modeling of such reactions in which all catalytic sites
are always treated alike which is called the ‘mean field approach’
[8,10].

The origin of this interesting phenomenon cannot be explained
so far and needs further investigation. But the fact that some foil
domains coke stronger than others suggests that the reaction is
structure sensitive. It is well known from surface science literature
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Fig. 8. Left: selected in situ Raman spectra recorded during methane CPO on a polycrystalline platinum foil. Spectra are normalized to the G band maximum for better
comparability. Right: cloud plot of relative D band intensity as a function of observed gray level in the light-optical micrographs of Fig. 6 right. Positions correlate with Fig. 6.
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that the activity for breaking H-H, C-H, and C-C bonds is controlled
by surface irregularities such as steps and kinks. Their abundance
and accessibility direct the selectivity and activity in hydrocarbon
conversion. For example, dehydrogenation reactions on Pt are con-
trolled by the step density of a Pt single crystal surface [23]. The step
density is determined by the angle and orientation of the crystal
phase. For this reason the observed inhomogeneous carbon distri-
bution could reflect domains with higher and lower step density.
Further reasons for the observed inhomogeneous carbon formation
could be the formation of subsurface species, such as subsurface
oxygen, influencing the electronic structure of the host material and
hence its catalytic properties. Also migration of bulk impurities to
the Pt surface or even contaminations from the reactor cell can not
be excluded. However, all these potential explanations are purely
speculative and further research will be required to explain the
inhomogeneous carbon formation on platinum in catalytic partial
oxidation of methane.

4. Conclusions

The results presented in this paper give evidence for a substan-
tial formation of surface carbon in methane CPO on a polycrystalline
platinum foil. Using in situ Raman spectroscopy and spectral anal-
ysis by curve fitting with five first-order Raman bands (G, D1,
D2, D3, D4) according to [12], formation, evolution and nature of
surface carbon could be characterized. Highly defective and inho-
mogeneous carbonaceous compounds are immediately formed
after reaction light-off. With time on stream these amorphous and
defective carbon deposits are partly removed by oxidation and
steam reforming and partly transformed into ordered and oxida-
tion resistant graphite-like species. This transformation occurs on
a timescale of several ten minutes up to approximately 1h. The
carbon distribution at the Pt surface was found to be inhomoge-
neous and related to the nature of the micro-crystals forming the
polycrystalline Pt foil. The origin of this unisotropy is not yet under-
stood and needs further systematic investigation. The blockage of
Pt surface sites by oxidation resistant graphitic carbon could be the
reason why methane CPO on Pt proceeds much slower and with
poorer synthesis gas selectivity compared to Rh which operates
reportedly in a film transport limited regime at low surface cover-
age. With respect to literature published on microkinetic modeling
of methane CPO on Pt (e.g. [24,25]) it can be concluded that these
models have to be revised as they predict an empty Pt surface under
methane CPO conditions and do neither consider multilayer carbon
formation on the Pt surface nor the inhomogeneities observed in
the present study.
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