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In this study we investigated the properties of mono- and bimetallic Pd and Pt deposited via supercritical
fluid reactive deposition (SFRD) on TiO, coated additively manufactured substrates. The focus of this work
lies on the suitability of these catalysts for the direct synthesis of H,O, in the liquid phase. All catalysts
produced showed a high activity towards the desired reaction, derived from high productivities towards the
desired product. Thereby, the productivity of the different catalysts decreased in the following order: Pd =
PdPt > Pt. In agreement with literature, an increase of the Pd loading from 1 to 2 wt.-% led to a decrease in
the productivity. Resulting from comparison with productivities from literature, this method indicates a high
suitability of the SFRD method for the suggested application. Due to the easy and eco-friendly nature of this

deposition method the catalyst production process can be intensified.

1. Introduction

Being a highly active, green oxidising agent, H,0, is getting more
and more attention in sectors as paper and pulp industries, sewage
treatment and disinfection applications, as the reprocessing of clinical
masks [1,2]. Especially the latter became important during the COVID-
19 pandemic [3,4]. Because of the risks associated with the transport
of highly concentrated H,0, and the resulting high costs, a decen-
tralised production route is desirable [1,5,6]. Thus, an alternative to
the current main production process, the anthraquinone auto-oxidation
reaction [7], which is only economically feasible on larger scale [1,8],
is of interest. The direct synthesis of H,O, from its elements in a
liquid solvent presents an interesting approach. Platinum and palla-
dium, supported on TiO, or Al,0O;, have been studied as catalysts
active to the reaction [9]. Unfortunately, noble metal catalysts also
catalyse the unwanted side reactions, namely the water formation (H,
+ 1/20, —» H,0), the succeeding decomposition of the formed H,O,
(H,0, - H,0 + 1/20,) and the hydrogenation of the same (H,0, +
H, —» 2H,0). Hence, a lot of research focuses on the development of
suitable catalytic systems, which are more selective to the actual H,0,-
synthesis (H, + O, — H,0,). Currently, the reaction is often performed
in fixed bed or slurry (micro)reactors [10-13]. However, the reaction
over catalytically loaded substrates would eliminate the need for cost
and energy intensive post-reaction filtering while avoiding additional
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pressure loss over the reaction zone [14], as it is often found in the
cases of the aforementioned reactor concepts.

In this work we present our approach to deposit highly dispersed Pd
and Pt from organometallic precursors from supercritical solutions on
TiO, coated metallic substrates (hereinafter referred to as “substrate”),
a process known as supercritical fluid reactive deposition (SFRD). For
the first time, we used the reactive deposition of noble metals from
supercritical CO, to produce structured catalysts for the direct synthesis
of H,0,.

Supercritical CO, (scCO,) is particularly attractive due to its low
critical temperature, (304.2 K) and critical pressure (7.39 MPa) and
also because it is abundant, cheap, nonflammable and non-toxic [15].
In the supercritical (sc) region, only one homogeneous phase exists due
to absence of phase boundaries. In this domain, the thermophysical
properties (e.g. density, diffusivity, viscosity) become adjustable be-
tween the gas- and liquid-like values. In brief, supercritical fluids have
liquid-like densities, gaslike viscosities and kinematic viscosities, and
much higher diffusivities than liquids. The low kinematic viscosity cor-
responds to a high fluidity, which is important for various applications
in materials processing due to the fact that natural convection effects
are inversely proportional to the square of the kinematic viscosity [16].
In addition, the absence of the surface tension favours an effective nano
structuration of complex pore architectures [17]. Furthermore, due to
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Table 1
Selected properties of the substances and chemicals used in the experiments.
Substance Molar mass Metal content Purity Supplier
g mol™! % % -
Pd(acac), 304.62 34.9 98 aber GmbH
Pt(cod)me, 333.34 58.5 99 abcr GmbH
Co, 44.01 - 99.995 Air liquide
H, 2.02 - 99.9990 Air liquide
TiO, (P25) 79.87 - 99.5 Evonik Ind.
Chemicals Purity Supplier
% -
HNO; 99 Carl Roth
EtOH 99.88 VWR chemicals
H,0 DI Milli-Q® Merck
H,SO, 95-98 Sigma Aldrich
NaBr 99 Merck

the complete miscibility of scCO, with both the gaseous reactants,
e.g. H, and the reaction products, no liquid byproducts are generated
and thus a solvent free product is obtained without extensive thermal
or mechanical treatment [18]. Thus, the SFRD process provides an easy
and eco-friendly method to deposit metallic nanoparticles with narrow
size distributions and controllable metal contents on various substrates.

Examples for successful applications of SFRD process and a survey
of the results obtained are given by Siril and Tiirk [16], by Erkey and
Tiirk [18,19] and recently by Yousefzadeh et al. [20].

First, we outline our method for the deposition of Pd and Pt on TiO,-
coated metal substrates using organometallic precursors and scCO,.
Furthermore, we demonstrate that metal nanoparticles deposited via
SFRD on substrates exhibit considerable catalytic activity in a liq-
uid phase reaction, i.e. the direct synthesis reaction of H,O,. First,
we compare the properties of the Pd, Pt and PdPt loaded substrates
(hereinafter referred to as ‘“‘catalysts”) resulting from SFRD. We then
address the impact of different characteristics of the catalysts, namely
the metal type and the metal loading, with respect to the productivity
of the catalysts towards the H,0, direct synthesis reaction serving as a
measure for the activity of the catalyst.

2. Materials and methods

Table 1 summarises the properties and suppliers of the materials
and substances used in this work.

2.1. Precursors used for SFRD

Palladium(IDacetylacetonate ~ (Pd(acac),) and dimethyl(1,5-
cyclooctadiene)-platinum(II) (Pt(cod)me,) were used as organometallic
precursors. Although literature frequently refers to improved solubility
of organometallic precursors with fluorinated alkyl groups [21-23],
the unfluorinated variant, Pd(acac),, was used, since the formation
of a liquid Palladium(Il)-hexafluoroacetylacetonate (Pd(hfac),) phase
already occurs at the chosen process conditions [24]. Earlier investiga-
tions show that the formation of the liquid phase causes coalescence
of the precursor molecules on the substrate, leading to larger metal
particles after reduction and thus affecting the dispersion of the metal
particles on the substrate and therewith to a lower activity of the
catalyst, recognisable by the lower productivities observed. Due to the
high solubility in scCO, and the fact that a solid—fluid equilibrium exists
at the chosen process conditions, Pt(cod)me, was selected as precursor
for the synthesis of Pt and PdPt nanoparticles [25].

2.2. Preparation of the additively manufactured stainless steel substrates
The structures chosen as carrier for the supported catalyst are so-

called fluid guiding elements (FGE). These threedimensional structures
from freeform surfaces are composed of axially and radially arranged

fluid guiding blades (FGB), which are connected by plane, tubular
segments, the intermediate segments (ISE), see Fig. 1(a). FGB and ISE
together form a fluid guiding unit (FGU), as visualised in Fig. 1(b). The
FGE thus is made up of several FGU. The detailed working principle of
the inserts is described by Hansjosten et al. in [26]. Fig. 1(c) shows the
described geometry in a schematic drawing.

Because of their complex structure, the depicted geometries cannot
be fabricated by classical, subtractive manufacturing methods. There-
fore, the elements used in this work were 3D-printed from stainless
steel powder (1.4404, Carpenter Additive) using the powder bed fusion
process of metals on a laser based system (PBF-LB/M) on a Realizer SLM
125 (DMG Mori) machine. The laser scanning strategy was adapted so
that only the contour lines of the walls of the desired structure were
exposed to laser power.

2.3. Catalyst preparation

2.3.1. Coating of the FGE with titanium dioxide

In a first step, a layer of titanium dioxide (TiO,) was applied to all
metallic substrates via an electrophoretic deposition process. Because
stainless steel is decomposing H,0,, all printed structures were passi-
vated using nitric acid (HNO;) [28] and rinsed thoroughly afterwards
with DI-water before the TiO, deposition process.

For the deposition of the TiO,, the FGE were placed in a glass beaker
in which an aluminium foil of the same height as the FGE was rolled
and which was filled with a solution of 2 g TiO, dispersed in 200 mL of
ethanol (EtOH). A voltage of 50V was applied via an external voltage
source (FGE = cathode; aluminium foil = anode) for 5 min. After a
short dripping phase under atmospheric conditions, the coatings were
calcined at 623 K for 1h in a muffle furnace.

2.3.2. Supercritical fluid reactive deposition of noble metals

In a typical SFRD experiment, a certain amount of the precursor,
either Pd(acac), or Pt(cod)me, and the TiO, coated metallic substrate
were placed inside the high-pressure vessel (50 mL). Then, gaseous CO,
was filled into the reactor and heated to the desired temperature within
less than 2 h. For improved mixing a magnetic stirrer was deposited in
the high pressure vessel. Subsequently, the system was treated in scCO,
at 15.6 MPa and 353 K for 20 h. During this time the organometallic
precursor is dissolved in CO, and molecular adsorption of the precursor
on the substrate takes place. Afterwards, H, (12 mol%) was added to the
system and the mixture was kept at 15.6 MPa and 353 K for additional
2 h. In this process step, the organometallic precursor is converted
to its metal form. At the end of the SFRD experiment, the system is
slowly depressurised and cooled down to ambient conditions. Usually
two approaches are used for the synthesis of bimetallic NPs via SFRD:
simultaneous or sequential deposition. In sequential SFRD, the process
described above is applied twice with one precursor at a time. In
opposite thereto, in simultaneous SFRD, both precursors are introduced
together into the high-pressure vessel, thus simultaneously dissolved in
scCO,, and simultaneously adsorbed onto the substrate. Subsequently,
both precursors are converted to metallic NPs by means of H,. Due
to the complete miscibility of scCO, with both the gaseous reactants,
e.g. H,, and the reaction products, no liquid waste is generated and
solvent residues on the substrate are completely avoided.

In the current study, the bimetallic PdPt deposition was performed
in a simultaneously manner. More details about the SFRD technique
and the experimental procedure are published elsewhere [16,18,19].
The appropriate process conditions for the SFRD experiments were de-
rived from experimental studies on the high pressure phase behaviour
of the binary systems CO,/Pd(acac), and CO,/Pt(cod)me, [24,25].

Fig. 2(a) shows an example of the substrate holder with mounted
substrate, i.e. FGE coated with TiO,, while Fig. 2(b) displays the Pd
loaded substrate.

In the following, the metal loaded substrates are labelled according
to their total target metal loading. Thus, “CAT-Pd_1” stands for the
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Fig. 1. FGE-geometry: top view of the composition of a FGU from FGB and ISE (a), isometric view of a FGU (b) and composed FGE with five axial and radial FGU each with the
direction of flow marked by an arrow (c).
Source: Adapted from [27].
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Fig. 2. Substrate before (a) and after (b) SFRD.

substrate loaded with a target loading of 1 wt.-% Pd, “CAT-Pd_2” stands 2.4. Catalyst characterisation

for the substrate loaded with a target loading of 2 wt.-% Pd, “CAT-Pt_1”

stands for the substrate loaded with a target loading of 1 wt.-% Pt and Particle size. Transmission electron microscopy (TEM) images (FEI
“CAT-PdPt_1” stands for the substrate loaded with a target loading of Osiris ChemiStern) of the catalysts were used to determine the particle
1 wt.-% PdPt. size distribution (PSD). As a rule, about 1000 particle diameters were
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Fig. 3. Experimental set-up for the synthesis measurements to investigate the activity of the catalysts as process flow diagram.

Source: Adapted from [27].
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Fig. 4. SEM image of the cross-section of CAT-Pt 1 with a magnification of one hundred. The green rectangle marks the position at which the WDX analysis has been conducted
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Fig. 5. SEM images of the cross-section of the different catalysts: CAT-Pd_1 (a), CAT-Pt_1 (b), CAT-PdPt_1 (c) and CAT-Pd_2 (d).

considered for the determination of each PSD. Thereby the software
ImageJ, version 1.53t, was used.

Catalyst structure. Scanning electron microscopy (SEM) and
wavelength-dispersive X-ray spectroscopy (WDX) (JXA 8530F, JOEL)
were used to investigate the distribution of the metallic nanoparticles
on the substrate and the characterisation of the cross-section of the cat-
alyst, respectively. Furthermore, the bimetallic NPs were analysed by
electron dispersive X-ray spectroscopy (EDXS) (FEI Osiris ChemiStern)
in line scans of single particles which pass through the centre of the
particle.

Reactor setup. The reaction test rig first presented in [29] was adapted
for the measurements in this study to the configuration shown in Fig. 3

and the original micro fixed-bed reactor was replaced by a tubular
reactor in which the catalysts were inserted. The setup was chosen,
because the reactants can be dosed bubble-free and thus equimolar
reactant ratios are possible without the need for further dilution by an
inert gas. A detailed description of the setup can be found in [27].

Briefly, the solvent in each feed container can be saturated with
the respective reactant and streams of the two feeds are combined
before entering the reaction unit. For safety reasons, all containers can
be flushed with inert gaseous N,. Samples of the product containing
solvent can be taken via the tap after the reaction unit for further anal-
ysis of the H,0, by UV-vis spectroscopy using titanium(IV) oxysulfate
containing solutions, as described in [30] and similar to the procedure
presented in [27].
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Fig. 6. WDX analysis of the cross-section of CAT-Pd_1 ((a)-(d)), CAT-Pt_1 ((e)—(h)), CAT-PdPt_I ((i)-(1)) and CAT-Pd_2 ((m)—(p)): distribution of O,, Ti, Pd/Pt and Fe as indicated

by the colour intensity by the colour bar.

Productivity. The reactive behaviour of the catalysts is assessed via the
overall synthesis productivity derived by the measured H,0, concen-
trations after the exposure of the catalysts to reaction conditions. The
productivity is defined by the product concentration cy,,, the volume
flow rate ¥} and the mass of the respective metal m,,,, as given
in Eq. (1). Operational instabilities and concentration measurement
deviations are taken into account by using the mean productivity
calculated by the weighted averaged mean with the corresponding
standard deviations.

c ‘W
ductivit = 2% T
productivi YSymhesis -

(€8]

Mmetal

Experimental procedure. Because the tubing between the feed contain-
ers and sampling tap were made of stainless steel, which is active to

H,0, decomposition, all components were also passivated with HNO;
prior to use following the passivation procedure described in [28].

In preparation for the actual experiment, the gaseous reactants were
bubbled into the solvent (H,0+0.15mmolL~! H,SO,+ 4mmolL"!
NaBr) in the two separate feed containers for two hours to fully saturate
it with the respective gas. To ensure standardised conditions of the
catalysts, H, saturated solvent (flow rate: ¥, =5mL min~!) was led
through the reaction unit containing the catalyst for 30 min before the
start of each experiment. The feed was then switched in order to start
the actual reaction. Therefore, the O, and H,-saturated streams were
combined in an equimolar ratio and a total flow rate of ¥ =5mL min~!
was set in our experiments. Samples of 50 mL were taken each hour and
stored in a cool and dark place for later UV-vis-analysis. The validity of
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Fig. 8. Representative TEM image of CAT-PdPt 1 (a), TEM image of CAT-PdPt_1 (b) and the corresponding EDXS image (c).

this procedure has been shown in [27] already. The experiments took
place at ambient pressure and temperature.

The yellow-coloured complex H,0O, and titanium(IV) oxysulfate
formed was analysed at a wavelength of 409 nm (5 mm optical quartz
glass cuvette (QS, Hellma Analytics), Agilent 8453 UV-vis spectrome-
ter) and the concentration of H,0, was determined from the according
calibration.

3. Results and discussion
3.1. Surface morphology

To give a general impression of a catalyst’s structure, Fig. 4 shows a
SEM image of CAT-Pt_1 in a cross-sectional perspective with a magni-
fication of one hundred times as an example. A TiO, layer thickness
of 60 pm is estimated from the sectional view of the sample. It can
be seen that the main layer is evenly distributed on the surface of
the stainless steel surface. Due to the chosen laser scanning strategy
in the manufacturing process of the stainless steel structure, unmolten
particles remain inside the dense outer contour walls of the wall of the
structure. Fig. 5 shows the respective SEM images at the positions of
the conducted WDX analyses of the different samples. The main layer
volume is made up by TiO,, as the WDX analyses in Fig. 6 indicate.
The noble metal shows a very homogeneous element distribution in the
TiO,-matrix, see Figs. 6(c) and 6(g). When comparing the WDX images
of the samples with different Pd loadings (CAT-Pd_1 and CAT-Pd_2),
the higher Pd loading of the layer is clearly visible, compare Figs. 6(c)
and 6(o). Examining the distribution of the Pd in the layer of CAT-
Pd_2, band structures of the Pd are observable. These are due to the
procedure of the deposition process itself: to deposit twice the amount
of Pd, the SFRD process had to be conducted twice sequentially. To
detect Pt, a higher acceleration voltage is needed. Thus, more energy
is sent into the coating layer, leading to the formation of cracks in
some cases, which is the reason, why the crack in the WDX results in
Figs. 6(e)-6(h) is not visible in the original SEM image of the coating,
shown in Fig. 5(b). As can be taken from Figs. 6(k) and 6(1), both metals
are evenly distributed in the layer of CAT-PdPt_I.

3.2. Particle size distribution

Fig. 7 represents TEM images of particles which were scraped off
CAT-Pd_1, CAT-Pt_1 and CAT-Pd_2, while Fig. 8 shows a representative
TEM image of the bimetallic CAT-PdPt 1 and a EDXS image showing
the distribution of Pd and Pt nanoparticles.

Figs. 9(a) and 9(b) present the particle size distributions and fre-
quencies for the examined samples with different Pd loadings, derived
by image analysis and particle counting. From the data summarised in
Table 2 follows that in all experiments very small metallic nanoparticles
with a mean diameter in the range from x50, = 1.8 to 2 nm were
produced. However, it must be considered that this difference is within
the error limit. It also follows from Table 2 and Figs. 9(c) and 9(d),
that for both, Pd and Pt, the same mean particle size of 1.9 nm is
obtained. Thus, the difference between the single particle sizes is very
small. Furthermore, a narrow particle size distribution from 4 = 0.49
for CAT-PdPt_1, A = 0.52 for CAT-Pd_1, to 4 = 0.75 for CAT-Pt_1 was
obtained. Surprisingly, an increase of the Pd target loading from 1
to 2 wt.-% results in a slightly smaller, mean particle size (1.8 nm)
and the narrowest size distribution (4 = 0.35). The interpretation of
the differences is the subject of ongoing and future investigations.
Among others, the differences are most likely caused through the low
solubility of Pd(acac), in scCO,, compared to the about 30 higher
solubility of Pt(cod)me, and the different adsorption behaviour of the
two precursors [25]. Thus, to achieve a target loading of 2 wt.-% Pd
requires the subsequent deposition of the precursor.

It is also observed that the PdPt nanoparticles show a bimodal
particle size distribution, as can be taken from Figs. 9(e) and 9(f), which
show the particle size distribution and frequency of the sample with
substrate CAT-PdPt_1.

3.3. Productivity

Fig. 10(a) shows the productivities calculated from the measured
concentrations of H,0, for the catalysts with different types of metal



L.L. Trinkies et al.

100 W—
3 80+ :.069
-~ o
S [ e)
é 60 :OO
3 g
2 S
= 401
©
s $
£ @
5 20 L
o CAT-Pd_1
0 e CAT-Pd_2
1 10
Diameter / nm
(@
100 W
o L
3 80 oép:
= o.p.
o
b
£ 60 ¢
z .
> 2
S 404 P
3 &
=]
£ o,
3 20+ & »
o CAT-Pd_1
0 e CAT-Pt_1
1 10
Diameter / nm
(O]
100 i
§ 804 :Q 100
g s 80 Ci‘,o‘il
E 60 X
2 6’ 60
] 40
2 401
o) 20
g
0+
g 20 fé? 1.0 1.5 2.0 2.5 3.0
0 ¢ o CAT-PdPt_1
1 10
Diameter / nm
(e)

8
CAT-Pd_1
| CAT-Pd_2
6F
X
=
2
o 4r
=
o
2
w
2+
0 J/. \x\’—\ L

1 10
Diameter / nm
(b)
8
CAT-Pd_1
I CAT-Pt_1
6 L

Frequency / %
'

N

Diameter / nm
(d

] CAT-PdPt

Frequency / %
B [}

N
T

o,

Diameter / nm

®

Fig. 9. Particle size distribution and frequency of CAT-Pd_1 and CAT-Pd_2 (a) and (b), of CAT-Pd_1 and CAT-Pt_1 (c) and (d) and CAT-PdPt_1 (e) and (f), derived from TEM

images.

(CAT-Pd_1, CAT-PdPt_1 and CAT-Pt_1) over the time of the experimen-
tal run, whereas Fig. 10(b) gives the resulting mean productivities. As
it can be seen in both graphs, the productivity determined for CAT-Pd_1
lies well above the one of CAT-Pt_1. It has to be noted that a shift in the
concentration of Pt towards a fourth or tenth of the Pd loading however
might lead to a different picture, as indicated by results presented
in [31] for the reaction in a methanol system and in [32] in an ethanol-
based medium respectively. However, different support materials were
used in both investigations.

The productivity of the bimetallic CAT-PdPt_1 is found to be slightly
higher, but almost similar, to the one of the monometallic CAT-Pd_1.
Xu et al. observed this trend of increasing productivity in their work
on the comparison of the activity of bimetallic PdPt catalysts with
different Pd-Pt-loading ratios towards the direct synthesis reaction in
ethanol [32]. They suggest that the OH-radical formation, the main
responsible intermediate for the water synthesis, is strongly reduced by
the alloy, because the dissociative adsorption of oxygen on the surface
could be suppressed.
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Table 2

Effect of metal precursor on PSD of mono- and bimetallic metal nanoparticles.
Property Substrates

CAT-Pd_1 CAT-Pt_1 CAT-PdPt_1 CAT-Pd_2

Precursor 1 Pd(acac), - Pd(acac), Pd(acac),
Precursor 2 - Pt(cod)me, Pt(cod)me, -
Metal Pd Pt Pd&Pt Pd
Xj0,0/NM 1.1 1.1 1.0 1.3
Xs0,0/TM 1.9 1.9 2.0 1.8
Xo0/DM 3.1 3.9 3.0 2.6
A/- 0.52 0.75 0.49 0.35

4= (Xg09 = X100)/ (2 * X500)-

Fig. 11 shows that an increase of the Pd loading from 1 to 2 wt.—%
leads to a decrease in the productivity. Contra intuitive at first, how-
ever, this is in agreement with findings by [27,33,34]. Though tested in
methanol and under elevated pressures, Gemo et al. already reported
a decrease of the selectivity of the catalyst with an increase of the
Pd loading [33]. In their work on Pd based alloy catalysts, Fu et al.
described higher productivities for catalysts with lower Pd loading than
for those comparable alloys with higher Pd loading [34].

In Fig. 12 we compare the productivities we determined in this work
with the best performing one of the structured catalysts developed by
our group in preceding investigations, i.e. the single step deposition
of a layer on a substrate with a target loading of 1wt.-%Pd via a
washcoating procedure [27]. It has to be noted at this point, that the
catalysts weighed against another are of comparable composition and
layer thickness, but that the catalysts themselves are having different
morphologic characteristics as the dispersion of the metal component
in the TiO, or the size of the Pd-cluster. This is due to the precipitation
process itself. Nevertheless, it is obvious that the catalyst produced by
SFRD presented in this work is leading to a productivity which is out-
performing the one achieved with the washcoated sample. These results
show, that in case of very small particles, i.e. a mean particle size less
or equal 2 nm, the influence of particle size, size distribution, loading
and interaction of the different metallic nanoparticles with the surface
of the substrate on the catalytic productivity needs to be investigated
more detailed. Besides this, there is a need for a deeper understanding
about the influence of the various nanoparticle preparation methods on
the properties of the produced catalysts.
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Fig. 12. Comparison of the productivities of FGE with 1wt.-%Pd on TiO,-coatings
deposited via a washcoating procedure [27] and CAT-Pd_1. Note, to highlight the
difference in productivities, the y-axis values were plotted linearly. The corresponding
error bars are not visible due to the scaling of the plot.

4. Conclusions

Structured catalysts offer a promising frame for heterogeneously
catalysed reactions in the liquid phase as the synthesis of H,0, in an
aqueous media. We showed that the deposition of homogeneously dis-
tributed noble metal nanoparticles on TiO,-coated, three-dimensional,
complex stainless steel structures is possible via the SFRD process. We
have conducted experiments using different noble metals by means of
SFRD for liquid phase reaction applications, i.e. the direct synthesis of
H,0,. The comparison of pure Pd, Pt and bimetallic PdPt nanoparticles
shows that for the direct synthesis a similarly high productivity is
observed for the single Pd and the bimetallic nanoparticles. In addition,
an increase in the Pd loading leads to a decrease in the productivity.
The comparison with a catalyst prepared by the conventional wash-
coating method shows that the productivity for the direct synthesis of
H,0, is higher for the catalyst prepared via the SFRD method. We
thus demonstrated that he reactive deposition of noble metals from
supercritical CO, is suitable to prepare structured catalysts for the
direct synthesis of H,O,.

However, for a deeper understanding of the relationship between
the process conditions during deposition of the noble metal nanoparti-
cles and the obtained catalytic results it is necessary to gain a more
profound insight into the structure, size and size distribution of the
noble metal nanoparticles.
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