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ABSTRACT: The influence of support polarity on Pd/CNF for the

deoxygenation of fatty acids was studied. Catalysts with a low (O/C =
3.5 X 1072 at/at from X-ray photoelectron spectroscopy (XPS)) and a

high (O/C = 5.9 X 107% at/at from XPS) amount of oxygen containing
groups on the support were prepared. The latter were introduced via a
HNO; gas phase oxidation treatment on Pd loaded supports. The
presence of oxygen containing groups was beneficial for the activity of
Pd for the deoxygenation of the amphiphilic stearic acid. This is
attributed to a favorable mode of adsorption of the reactant via the
carboxylic acid group on the more polar support in the vicinity of the

catalytically active Pd nanoparticles.
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1. INTRODUCTION

Supported heterogeneous catalysts consist of an active phase
(e.g., metal, metal oxide, metal sulfide, protons), a support, and
optionally one or more promotors. Though the -catalytic
reaction itself takes place on the active phase the support is not
always a spectator in the reaction network. For example Bitter
et al. showed that for CO,/CH, reforming over Pt/ZrO, CO,
adsorption on the support was essential for a high activity. The
reaction was claimed to take place on the metal—support
perimeter.’ Toebes et al. provided evidence that a high amount
of cinnamaldehyde adsorbed on the support is beneficial for the
cinnamaldehyde hydrogenation over Pt/CNF catalysts.” The
amount of adsorbed reactant was increased by lowering the
polarity of the carbon support. Wang et al. showed that polarity
of the support plays an important role for the aqueous phase
reforming of ethylene glycol over Pt/CNT.> A too high polarity
leads to the competitive adsorption between water and ethylene
glycol resulting in a low catalytic activity.

The above-mentioned examples indicate that the support can
play a key role in catalysis by adsorbing reactants. Therefore
tuning the sorption properties of a support is a tool to steer
catalysis.

Adsorption properties of a catalyst (support) are related to
the support textural properties and chemical composition.
Carbon, especially mesoporous carbon nanotubes (CNT) and
carbon nanofibers (CNF), is an eminently suitable support
material for studying adsorption effects in catalysis. For these
materials the sorption properties can be modified by
introducing or removing surface oxygen- or nitrogen containing
groups resulting in supports varying in polarity and chemical
composition.™
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The influence of support polarity on CNF has been
investigated for various reactions, such as the above-mentioned
selective hydrogenation of cinnamaldehyde™® and the oxidation
of benzyl alcohol.® It has been reported that the presence of
oxygen containing groups on the support is detrimental for the
selective hydrogenation of cinnamaldehyde catalyzed by Pt/
CNE.”> To reach that conclusion the authors first prepared a Pt/
CNF catalyst with an O/C atomic ratio of 4.5 X 107> based on
X-ray photoelectron spectroscopy (XPS). Heat treatments were
subsequently applied to decrease the amount of oxygen
containing groups on the support; the lower limit was an O/
C atomic ratio of 1.2 X 107 as determined by XPS. As a result,
the hydrogenation activity was enhanced by a factor of 2 to 25,
depending on the applied reaction conditions.”® The increased
activity has been ascribed to a preferred mode of adsorption of
the cinnamaldehyde at an apolar support (low oxygen content),
resulting in facilitated hydrogenation.

Conversely, Tang et al. has shown that oxygen containing
groups on the support can have a beneficial influence on
catalysis for a different reaction, that is, the oxidation of benzyl
alcohol catalyzed by Ru/CNE.° In parallel to the work of
Toebes et al.” the amount of oxygen containing groups was
decreased by applying a heat treatment. As a result, a decrease
in benzyl alcohol conversion with a factor of 2 is reported. It
has been claimed that the oxygen containing groups on the
support repel the benzyl group of the reactant and activate the
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alcohol group, thereby assisting the oxidation of the benzyl
alcohol if this occurs in the vicinity of Ru.

In both examples, the influence of oxygen containing groups
on the reaction has thus been related to the preferential
adsorption of an amphiphilic reactant. This is ascribed to an
interaction of the polar or apolar part of the molecule with the
support. Here we will investigate the role of oxygen containing
groups on Pd/CNF for the deoxygenation of fatty acids, which
are clearly amphiphilic in nature, that is, a polar carboxylic
group and an apolar hydrocarbon tail. This reaction was chosen
as show case for biomass related deoxygenation reactions.

Because of the increasing energy consumption and environ-
mental concern, vegetable oil/fat and fatty acid based feeds are
considered as alternative resources for energy carriers and
precursors for bulk chemicals.”™*® A disadvantage, however, is
the high oxygen content in these feedstocks which makes the
feed inapplicable in current existing processes. Deoxygenation
of these feeds yields alkanes and alkenes which are compatible
with the currently available infrastructure and processes.

Several studies have been performed on the catalytic
deoxygenation of fatty acids.''~'* From these studies it can
be concluded that Pd is the most active metal for this reaction
and activated carbon (AC) the most preferred support.''

We hypothesize that the polarity of the carbon support can
also influence the deoxygenation of fatty acids because of the
amphiphilic nature. Therefore the role of oxygen containing
groups on a CNF support for this reaction is investigated in this
study.

As has been shown in the examples above, the oxygen
content is mostly varied by decreasing the oxygen content of
the parent material via the decomposition of oxygen containing
groups. As a result, only catalysts with relatively low polarities
can be compared, as the “highly” polar support had an O/C
atomic ratio of 4.5 X 107> as determined by XPS. We have
recently reported a method to introduce oxygen containing
groups onto metal-loaded CNF by Gas phase Oxidation
(GPO) using HNO; vapor. XPS revealed that we could
increase the O/C atomic ratio to 7.6 X 1072, with minimal
impact to the Pd particle size."® As a result, we are now able to
include catalysts with significantly higher oxygen contents in
our study as compared to previous work.

In the current study GPO is used as a tool to introduce
oxygen containing groups on CNF to gain fundamental insight
into the role of the support polarity in the deoxygenation of
stearic acid. Catalysts are prepared with a low oxygen content
by applying heat treatments and high oxygen content by
performing GPO on CNF supported Pd catalysts.

2. EXPERIMENTAL SECTION

CNF Growth. A S wt % Ni/SiO, growth catalyst was
prepared bzf homogeneous deposition-precipitation as reported
previously.”* Fishbone type CNFs were subsequently obtained
by flowing a CO/H,/N, mixture (266/102/450 mL/min) at 3
bar overpressure over S g of reduced Ni/SiO, at 550 °C for 24
h. The raw product was collected and refluxed three times in
boiling 1.0 M KOH, with intermediate washing using deionized
water, to remove SiO,. Finally, the fibers were treated with
boiling, concentrated HNO; for 1.5 h to remove exposed nickel
and introduce oxygen containing groups. This sample was
denoted as CNF-ox.

Palladium Deposition. Prior to impregnation the CNF-ox
were dried under vacuum at 100 °C. Palladium was deposited
on the CNF-ox (1 g) by pore volume (0.7 mL/g determined by
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water uptake) impregnation under vacuum with Pd-
(NH,),(NO;), (10 wt % in water). After impregnation the
sample was dried under vacuum at 100 °C for 24 h.
Decomposition of the palladium precursor was accomplished
by heat treatment under N, flow (50 mL/min) at 200 °C for 2
h. This sample was denoted as Pd/CNF-ox. Hereafter a
subsequent heat treatment was applied at 625 °C (5 °C/min)
for 15 min to decompose the oxygen containing groups and
simultaneously sinter Pd particles to exclude any particle size
effect during further treatments. This sample was denoted as
Pd/CNF.

Gas Phase Oxidation (GPO). HNO; GPO of Pd/CNF was
performed using a similar setup as reported previously.'>'® The
sample, typically 500 mg, was loaded in a glass reactor with a
demountable oven equipped with a reflux condenser on top of
the reactor. The sample was first dried at 125 °C for 2 h in
static air. Next a one necked flask containing 125 mL of
concentrated HNO, (65%, Merck) was attached to the oven at
an angle to make sure that any liquid returning from the
condenser bypassed the sample. The concentrated HNO; was
heated to 100 °C, and the sample was kept at 125 °C for 15 h.
After GPO treatment the oven including the sample was
removed from the setup and left for 2 h at 125 °C in air. This
sample was denoted as Pd/CNF-O.

Characterization. N,-physisorption isotherms were re-
corded with a Micromeritics Tristar 3000 at 77 K after drying
the samples for at least 16 h at 200 °C in an N, flow.

X-ray powder diffraction (XRD) patterns were obtained
using a Bruker-AXS D2 Phaser powder X-ray diffractometer.

The oxygen content was determined by two methods, that is,
titration and XPS.'® Titration was performed using a Titralab
TIM 880 titration manager with a solution of 0.1 M KCI and
0.01 M NaOH as a titrant to establish the amount of acidic
oxygen containing groups. The titration results are presented in
mmol acidic groups per gram.

XPS measurements were carried out in an UHV setup
equipped with a Gammadata-Scienta SES 2002 analyzer. The
base pressure in the measurement chamber was § X 107'°
mbar. Monochromatic Al K, (1486.6 eV; 14.5 kV; 45 mA) was
used as incident radiation, and a pass energy of 200 eV was
chosen resulting in an energy resolution better than 0.5 eV.
Charging effects were compensated using a flood gun. Binding
energies were calibrated by positioning the main C 1s peak at
284.5 eV. The CASA XPS program with a Gaussian—
Lorentzian mix function and Shirley background was used to
analyze the XP spectra quantitatively. The peak positions for all
the samples were reproducible using a fixed Gaussian to
Lorentz ratio of 70: 30 and fixed full width at half maximums
(FWHMs). Surface atomic concentration was calculated using
sensitivity factors provided in ref 17. The XPS results are
presented as atomic O/C ratios.

Transmission electron microscopy (TEM) analysis was
performed using a FEI TECNAI20F Transmission Electron
Microscope operated at 200 KeV. A small amount of the
sample was powdered in a mortar for about 1 min in ethanol.
Subsequently the sample was treated in an ultrasonic bath for
10 s and then settled for about 1 min. One drop of the ethanol
with the small particles was dispersed onto a thin carbon film
on a copper grid, followed by the evaporation of the ethanol.

H,-chemisorption measurements were performed using a
Micromeritics ASAP 2020. Samples were dried at 423 K for 60
min (ramp $ K/min) in vacuum. Subsequently the samples
were reduced at 523 K (ramp 5 K/min) for 2 h under H, flow.
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Hereafter the samples were degassed for 30 min under vacuum
at 523 K. Adsorption isotherms were measured at 363 K to
avoid the formation of palladium bulk hydrides.

Catalytic Test. The catalytic experiments were carried out
in a 75 mL Parr batch reactor. Typically 025 g of catalyst
(212—42S5 pm) was activated in 6 bar H, at 150 °C for 2 h.
These samples are referred to as Pd/CNF-red and Pd/CNF-O-
red. The reactor was flushed with N, at 150 °C to exclude the
presence of H, in the form of PdH. Hereafter, 1 g of stearic acid
(ABCR) in 25 mL of dodecane (Acros) was added under inert
conditions. Experiments were then carried out at temperatures
ranging from 225 to 275 °C at 6 bar N, pressure, while stirring
at 1100 rpm Spent catalysts were referred to as Pd/CNF-sp and
Pd/CNE-O-sp. Reaction mixture work up was performed with
a CHCl;:MeOH (2:1) mixture that was heated to 40 °C to
ensure complete dissolution of the stearic acid. A sample was
subsequently taken from the mixture and methylated using
TMSH (Fluka) to analyze by Gas Chromatography (GC)."®

Average turnover frequencies (TOF) were calculated using
average particle size as determined from TEM and surface Pd
species obtained by H,-chemisorption and expressed as mol
C17/(mol Pdg,¢s).

3. RESULTS AND DISCUSSION

Catalyst Characterization. Parent Material - Pd/CNF-ox.
The Brunauer—Emmett—Teller (BET) surface area of CNF-ox
was 190 m?/ g, with a pore volume of 043 cm?/ g. This is in
accordance with results previously reported for CNF thus
synthesized.”> TEM revealed the presence of a fishbone fiber
structure for CNF-ox with an average diameter of 30 nm.
Figure 1 shows a TEM micrograph of Pd/CNF-ox. Pd
nanoparticles with an average size of ~2 nm are visible as

black dots.

Figure 1. TEM image of the parent Pd/CNF-ox.

Oxygen Content. The O/C atomic ratios, as determined by
XPS, for the samples after the different treatments are reported
in Table 1 together with the amount of acidic groups in mmol/
g. XPS indicated that a heat treatment at 625 °C on Pd/CNEF-
ox to yield Pd/CNF resulted in a decrease of the O/C ratio
from 52 X 107> to 3.5 X 107% showing the successful
decomposition of a significant amount of oxygen containing
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Table 1. Influence of the Heat Treatment at 625°C, GPO,
Reduction, and Reaction on the Pd Particle Size and Oxygen
Content

Pd particle size oxygen content

XRD TEM  XPS (O/C x titration (mmol
sample (om)  (nm) 107 at/at) acidic groups/g)
Pd/CNF-ox 2 52 <0.005
Pd/CNF 7 7 3.5 <0.005
Pd/CNE-O 7 8 7.3 0.25
Pd/CNF-red 7 7 3.5 <0.005
Pd/CNEF-O-red 6 7 5.9 0.06
Pd/CNE-sp 6 7 3.5 <0.005
Pd/CNE-O-sp N 6 54 <0.005

groups. Titration on the other hand did not reveal any acidic
groups for Pd/CNF-ox and Pd/CNF. Bare CNF-ox however
exhibits acidic oxygen containing groups;'® thus, these must
have been decomposed durin§ the Pd deposition procedure in
line with earlier observations.”>'®

When treating Pd/CNF using GPO to yield Pd/CNF-O the
O/C atomic ratio increased from 3.5 X 107 to 7.3 X 1072
Titrations revealed the presence of 0.25 mmol acidic groups/g,
while it revealed no acidic oxygen containing groups for Pd/
CNFEF. Thus, acidic oxygen containing groups were successfully
introduced on the Pd containing samples by the GPO
treatment as shown previously.15

Prior to catalytic testing a reduction treatment is applied,
which might result in a lowering of the oxygen content present
on Pd/CNF and Pd/CNF-0."” To determine the actual oxygen
content of the catalyst prior to reaction, XPS and titration
analysis were also performed on both Pd/CNF-red and Pd/
CNF-O-red. Table 1 shows similar O/C ratios for Pd/CNF and
Pd/CNF-red and only a limited decrease in oxygen content on
going from Pd/CNF-O to Pd/CNF-O-red. The decrease in
oxygen content from Pd/CNF-O to Pd/CNF-O-red is
explained by the reduction of acidic (carboxylic) oxygen
containing groups present on Pd/CNF-O. These groups
decompose at relatively low temperatures (150—3500 °C)."
This is also obvious from our results since titrations indicate a
large decrease of the acidic oxygen content from 0.25 to 0.06
mmol/g. Nevertheless, the amount of oxygen containing
groups on Pd/CNF-O-red is significantly higher compared to
Pd/CNF-red, making these catalysts suitable for studying the
influence of support polarity on catalysis.

Effect of Catalyst Treatments on Pd. Applying a heat
treatment to a palladium loaded CNF catalyst is known to
influence the metal particle size.”® The GPO treatment using
HNO; can also result in a change in the palladium oxidation
state and might impact the morphology of the Pd particle. The
influence of the heat treatment and GPO treatment on these
parameters is studied by XRD (Figure 2), XPS (Figure 3), and
TEM (Figure 4). It has also been shown before that the
presence of functional groups in the vicinity of palladium
particles can affect the electronic structure of the Pd.*'
Although this is not expected in our samples because of the
relatively large Pd particle size (7 nm), XPS studies will give
more insight here as the Pd 3d binding energy is sensitive to the
electronic structure of Pd.*!

Both XRD and TEM show an increase in the palladium
particle size from 2 to 7 nm upon the heat treatment at 625 °C,
thus going from Pd/CNF-ox to Pd/CNF (Table 1). This is in
accordance with the Pd particle size observed by Wagemans et
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Figure 2. XRD diffractograms of Pd/CNF-ox, Pd/CNF, and Pd/CNF-
O. Reflections are given for graphitic carbon (@), Pd (W), and PdO
(A).
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Figure 3. XP spectra of the fresh, activated and spent catalysts.

al*® A subsequent GPO treatment of 15 h at 125 °C does not
significantly affect the Pd particle size any further."

XPS in the Pd 3d energy range was used to study the
oxidation state and electronic state of the Pd after different
treatments (Figure 3). When oxidizing Pd/CNF (to Pd/CNF-
O) a clear shift of Pd 3dg/, is observed from 335 to 337 eV and
for Pd 3d;,, from 341 to 342 eV, which corresponds to a
change in oxidation state from Pd° to Pd**>* The oxidation of
Pd upon a GPO treatment is also evident from XRD (Figure
2), where a clear peak is visible for Pd/CNF-O at 39° 26 that
can be attributed to PdO (corresponding to {101}) while the
Pd° diffractions (47 and 54° 260) observed for Pd/CNF
disappeared. It is shown by XPS that a subsequent reduction

treatment results again in the Pd;, and Pds,, peaks
characteristic for Pd’. According to XPS and XRD, Pd/CNF
was already in the Pd’ state. Nevertheless, a reductive treatment
is applied to keep experimental parameters constant for
comparing the catalytic activities. No shift in the Pd 3d binding
peaks was observed between Pd/CNF-red and Pd/CNF-O-red.

In Figure 4 representative high-resolution TEM images of
Pd/CNF, Pd/CNF-O, Pd/CNF-red, and Pd/CNF-O-red are
compiled. For Pd/CNF-O-red, where Pd was present as Pd*,
the Pd particle is spherical whereas the Pd® samples show only
hemispherical particles. Since the catalysts are always reduced
prior to catalytic testing, particles are tested in their
hemispherical and identical morphology (Pd/CNF-red and
Pd/CNF-O-red).

As such no indications of either structural or electronic
changes were obtained by XRD, XPS, and TEM. Thus, any
effects of the GPO treatment on catalysis must be related to the
impact of oxygen containing groups present on the support.

Catalysis. Deoxygenation experiments of stearic acid were
carried out in batch mode at 250 °C using Pd/CNF-red and
Pd/CNEF-O-red. For both catalysts the deoxygenation of stearic
acid is 100% selective to C17 hydrocarbons, that is, only
heptadecane (90—99% yield) and heptadecene (1—10% yield)
were observed. Heptadecane is the decarboxylation product of
stearic acid, whereas heptadecene can be formed via decarbon-
ylation.'>*?

The product yield as function of reaction time is presented in
Figure S. Clearly the product yield is significantly higher (about

70+

m Pd/CNF-red
® Pd/CNF-O-red
60-
50|
& 40-
o
S 304
=
© 20
| |
10-
||
0
T T T T T T T 1
0 10 20 30 40 50 60 70 80
Reaction time (h)

Figure S. C17 yield of the deoxygenation of stearic acid by Pd/CNEF-
red and Pd/CNF-O-red. T = 250 °C, P = 6 bar N,, Mepicacia = 1 &
Mear = 025 & Mgodecane = 18 &

five times) over Pd/CNF-O-red compared to Pd/CNF-red.
Thus the presence of oxygen containing groups on the support
is beneficial for the deoxygenation reaction rate.

Figure 4. TEM micrographs of Pd/CNF (a), Pd/CNF-O (b), Pd/CNF-red (c), Pd/CNF-O-red (d).
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The catalyst particle sizes (212—425 um) might induce
intraparticle mass transfer limitations. To determine this the
Weisz—Prater criterion was calculated, with diffusion coeflicient
for stearic acid as calculated by Smits et al.** Values of 0.69 X
107 and 0.17 X 10~* were obtained for catalyst particle sizes of
425 and 212 pm, respectively. This indicates the absence of
diffusion limitations. This is in agreement with experiments
performed with powdered samples (<90 ym), which showed
no differences in activities and thereby validated the use of
these particle sizes.

Reported activity for the deoxygenation of fatty acids varies
significantly. This is most likely related to the different reaction
temperatures and different carbon supports used.**™>° A 5 wt %
Pd/C catalyst is reportedly one of the most active catalysts for
this reaction.'’ We tested this catalyst under identical reaction
conditions as given in this paper. An average TOF during the
first hour of reaction of 4.0 X 107> was obtained which is a
factor 4 higher than the average TOF of our catalyst, 1.0 X 107>
mol C17/(mol Pd,,¢s). However, it was our intention to gain
fundamental insight into the impact of the nature of the
support on activity not on the activity as such.

Catalytic experiments were also conducted at different
temperatures (225, 250, and 275 °C) to determine the
apparent activation energies, and subsequently first order
kinetics were applied. From the Arrhenius plots, as given in
Figure 6, the apparent activation energies were calculated,

1/T (1/K)
0.0018 0.0019 0.0020
-10
® Pd/CNF-red
11 ¢ Pd/CNF-O-red
E_=80kJ/mole

12
13
=

14 4 E,_=140kJ/mole

-15

-16

Figure 6. Arrhenius plots using first order reaction kinetics for the
determination of the apparent activation energy. P = 6 bar N,,

Mitearic acid = 1 g Meye = 0.28 8 Mdodecane = 18 g.

resulting in a value of 140 kJ/mol for Pd/CNF-red and 80 kJ/
mol for Pd/CNF-O-red. A significant lowering of the apparent
activation energy is thus observed upon introducing oxygen
containing groups on the support. This could indicate that
different reaction pathways are followed for the different
catalysts (see below).

Spent Catalyst Characterization. The oxygen containing
groups present on the pristine catalyst might change during
reaction as a result of the reaction conditions.">'®'? Therefore
we investigated the oxygen content for the spent catalysts by
XPS and titration (Table 1). Pd/CNF-sp showed no change
compared to Pd/CNF-red. It can thus be concluded that over
the whole process, that is, activation and reaction, no significant
change in oxygen content occurred for this catalyst. The
remaining oxygen after the heat treatment at 625 °C is thus
present as thermally stable groups, that is, ketonic, ether, and
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phenolic groups."”” A minor change in the oxygen content is
observed on going from Pd/CNF-O-red to Pd/CNF-O-sp
upon reaction. The O/C ratio, obtained by XPS, decreased
from 5.9 X 1072 to 5.4 X 1072 Since Pd/CNF-O-red still
contained acidic (carboxylic) groups as discussed above it is
likely that these groups decomposed during the reaction as they
are the least stable."® This is confirmed by titration as Pd/CNF-
O-sp did not reveal any acidic oxygen containing groups.

Additionally, particle sizes determined by XRD and TEM
analysis of the spent catalysts showed no change in the average
Pd particle sizes and remained at 7 nm during the catalytic
experiments.

Influence of Oxygen Containing Groups on Catalysis.
Based on the results given above it is concluded that the
introduction of oxygen containing groups onto Pd/CNF is
highly beneficial for the deoxygenation of stearic acid. The
increasing oxygen content, and thereby increased support
polarity, influences catalysis by modifying the mode of reactant
adsorption, as has already been discussed in the Introduction.
In the case of deoxygenation, the differences in polarity are
speculated to lead to a different mode of adsorption of the
amphiphilic fatty acid molecules onto the carbon surface as is
schematically shown in Figure 7. At low polarity the apolar tail

Low activity
\\"\
g ¥

PR

-

Carbon Nanofibers

Low polarity

Figure 7. Schematic representation of the influence of oxygen
containing groups on the deoxygenation of stearic acid.

is proposed to be preferentially adsorbed on the surface
whereas in the case of high polarity this is the polar head,
because of a hydrogen-bonding effect between the carboxylic
group of the fatty acid and the oxygen containing groups on the
support. Especially in the apolar solvent dodecane, these
interactions are favored. As a result, a different orientation of
fatty acid molecules is hypothesized on a more polar support
surface, which could result in a larger concentration of these
reactants on the support. We speculate that the reaction mainly
occurs at the Pd-support perimeter. The interaction between
the support oxygen containing groups and the carboxylic group
of the fatty acid might also lead to activation of the latter and
thereby facilitate the removal of this group in the presence of
palladium, which would explain the observed lower activation
energy. This hypothesis is comparable to the influence of
oxygen containing groups on the catalytic oxidation of benzyl
alcohol as proposed by Tang et al.,® where it was reported that
a higher amount of oxygen containing groups on the support
resulted in a decreased interaction between the benzyl part of
the reactant and the support and activation of the alcohol
group. By altering the oxygen content one could thus propose

dx.doi.org/10.1021/cs400478q | ACS Catal. 2013, 3, 2397—-2402
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that the wettability of the support surface is varied, which
significantly affects catalysis as also mentioned in the
literature.”®  Alternatively, support polarity might lead to a
higher heat of adsorption of the stearic acid, thereby lowering
the apparent activation energy of the deoxygenation reaction.
Also, the degree of freedom and the orientation for the fatty
acid molecule is altered (Figure 7) by the introduction of
oxygen groups. This results in a change in the entropy of
adsorption which in turn will have an effect on the apparent
activation free energy. Further research will be needed to obtain
direct evidence for coverages and orientation of fatty acid
molecules on catalyst surfaces.

B CONCLUSIONS

Pd/CNF catalysts with a low and high support oxygen content
but similar Pd particle size were successfully prepared. The
latter samples were obtained by a gas phase oxidation of the
former without changing the properties of the Pd. The catalysts
with high oxygen content (O/C = 5.9 X 1072 at/at) displayed a
five times higher initial activity compared to the samples with
low amounts of oxygen (O/C = 3.5 X 107 at/at).

The beneficial effect of oxygen containing groups on the
carbon support is ascribed to an adsorption effect, that is, an
increased interaction between the polar carboxylic group of the
fatty acid and the support with a high polarity due to the
oxygen containing groups. This is hypothesized to result in a
preferential mode of adsorption of the fatty acids, that is,
adsorbed with the carboxylic head on the support, and thereby
a more facile decomposition at the palladium-support
perimeter.
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