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Report:

Catalytic conversion of biomass via aqueous phase reforming (APR) has been demonstrated as a feasible
hydrogen production process [1]. The reaction takes place at low operating temperatures (220- 250°C) and
moderate pressures (20-50 bar) favouring the overall energy efficiency of the process. The high chemical
functionality of the biomass used as a feedstock on the APR process leads to non-desired products that reduce
the total yield and affect the catalyst stability [2]. The selectivity for Hz production can be adjusted based on the
active metal, catalyst support, feed composition, and process conditions.

Platinum-based catalysts are commonly used for APR, obtaining moderate activity and high hydrogen
selectivity. Several groups have focused on modifying the catalyst to improve the catalytic activity without
compromising hydrogen selectivity. Adding manganese to the platinum-based catalyst enhances the catalyst
activity while maintaining high H> selectivity [3,4]. owever, it has been observed that under APR reaction
conditions, the catalyst may suffer deactivation caused by the sintering of the metal nanoparticles or metal
oxidation that leads to metal leaching [5]. Therefore, in this study, we examine monometallic (Pt) and bimetallic
(PtMn) catalysts supported on carbon nanofibers (CNF) to obtain information about their chemical state, local
environment, and possible alterations under the APR reaction conditions.

Experimental method:

A sieved catalyst fraction (150-250 pum) was used for the operando XAS measurements at the BM31 beamline.
A high-pressure cell with a gas/liquid dosage system was employed; designed at the Karlsruhe Institute of
Technology (KIT) [6] for high-pressure applications (Fig. 1). The high-pressure cell is designed for
simultaneous XAS and XRD measurements and is constructed of stainless steel with large solid angle openings.



The upper and bottom sides of the catalyst bed are fixed with 1.5 mm thick PF-60 Be foils (Materion, USA)
sealed with graphite foils. The X-ray beam can pass through a 10 mm % 2 mm slit cut on the “outer” part of the
cell, probe the catalyst bed and exit on the opposite side. The reactive gases are passed through the cell via a
distributive inlet and outlet to ensure a homogeneous gas distribution in the catalyst bed. Up-flow configuration
Is used to assist the transport of the gas products, which is important for good signal of the spectra. The cell is
heated by two 160 W heating cartridges (HORST, Germany). The temperature is controlled by an HT MC11
temperature regulator (HORST, Germany) and measured by a NiCr/Ni (type K) thermocouple mounted close to
the reactor bed inside the stainless-steel body.

Initially, a reduction of the catalyst at 300°C in 5% Hz/He flow is conducted, followed by aqueous phase
reforming of ethylene glycol for 4 hours on stream. The reaction products are monitored by an online MS and
a UGC. The reaction mixture (6%wt ethylene glycol-water) was introduced with an HPLC pump at 0.02ml/min,
and the entire system was pressurized to 30 bar and heated to 225°C. The electronic state of Pt and Mn in
monometallic and bimetallic catalysts during catalyst activation and aqueous phase reforming was studied by
measurements at Pt L3 edge (11 564 eV) and Mn K edge (6539 eV) in transmission mode.
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Figure 1. (left) Process flow diagram for the gas dosage system and the high-pressure operando cell. (Right) high pressure cell
used to condutc the experiments.

Results:

Analyzing closer the catalyst containing Pt and Mn
supported in carbon nanofibers, Pt was identified in the
calcined catalyst, the reduced catalyst, and the catalyst

- Post APR .
] i Rce’fjuced after 4 hours of aqueous phase reforming of 6%wt
2.0 ; Calcined ethylene glycol. The XAS spectra acquired during catalyst

activation in 5%H2/He and under the reaction conditions
indicate a predominantly reduced state of the noble metal
component (Figure 2). At an initial examination, a stable
form of Pt could be observed through the 4 hours of
reaction, with no observable differences between the XAS
spectra of the reduced and post-APR catalyst.
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that there were traces of Fe in the catalyst attributed to the
Figure 2. XANES spectra of PtMN/CNF-HT at Pt Lu- synthesis catalyst used in the growth of carbon nanoflb_ers.
edge from the calcined catalyst, after the reduction Furthermore, the beryllium W'ndOWS_Used to seal the high-
procedure, after 4 hours of aqueous phase reforming of pressure cell had a low amount of iron. As a result, the
ethylene glycol at 225°C and 30 bars, PtO; and Pt-foil. presence of Fe caused interference in the EXAFS



measurements conducted on the Mn K-edge. Thus, A combined analysis of Pt LIII edge and Mn K-edge was
not performed; nonetheless, the EXAFS fitting in k-space (3<k<12) of the Pt LIllI-edge was employed to
determine the local environment of the Pt atoms comparing the reduced catalyst and the catalyst after the
reaction, as presented in Figure 3. A slight increase in the Pt-Pt coordination number from 8.4 to 9.9 was
observed, in agreement with the post-characterization of the catalyst by CO-chemisorption, following a decrease
in dispersion. This trend indicates a slight level of sintering of the Pt nanoparticles during the reaction. A small
coordination number is estimated for Pt-Mn after the reduction (0.78), and after aqueous phase reforming, it
becomes almost negligible due to the considerable uncertainty of the value. Furthermore, after APR, the Pt-Pt
bond distance closely approximates that of the Pt foil, variating from 2.69 after reduction to 2.76 after the
reaction, suggesting a change in the local environment of Pt. This change was associated with Mn leaching
during the process, observed as well by a decrease of the edge step on the Mn-K edge and verified subsequently
by measures of metal loading of the fresh and used samples, estimating a 95% loss of Mn during the aqueous
phase reforming of ethylene glycol.
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Figure 3. Pt Ly-edge EXAFS [a] Fit of the k2 weighted EXAFS spectra and [b] corresponding Fourier transforms of
PtMn/CNF-HT after catalyst reduction. [c] Fit of the k2 weighted EXAFS spectra and [c] corresponding Fourier transforms of
PtMn/CNF-HT after APR of ethylene glycol at 225°C and 30 bars (WHSV = 9h-1)

References:

[1] R.D. Cortright, R.R. Davda, J.A. Dumesic, Hydrogen from catalytic reforming of biomass-derived
hydrocarbons in liquid water, Nature. 418 (2002) 964-967. https://doi.org/10.1038/nature01009.

[2] R.R. Davda, J.W. Shabaker, G.W. Huber, R.D. Cortright, J.A. Dumesic, A review of catalytic issues and
process conditions for renewable hydrogen and alkanes by aqueous-phase reforming of oxygenated



hydrocarbons over supported metal catalysts, Appl. Catal. B Environ. 56 (2005) 171-186.
https://doi.org/10.1016/j.apcatb.2004.04.027.

[3] M. Pazos Urrea, F. Herold, D. Chen, M. Rgnning, Nitrogen-containing carbon nanofibers as supports for
bimetallic Pt-Mn catalysts in agueous phase reforming of ethylene glycol, Catal. Today. 418 (2023) 114066.
https://doi.org/10.1016/j.cattod.2023.114066.

[4] F. Bossola, X.I. Pereira-Hernandez, C. Evangelisti, Y. Wang, V. Dal Santo, Investigation of the promoting
effect of Mn on a Pt/C catalyst for the steam and aqueous phase reforming of glycerol, J. Catal. 349 (2017)
75-83. https://doi.org/10.1016/J.JCAT.2017.03.002.

[5] T. van Haasterecht, C.C.I. Ludding, K.P. de Jong, J.H. Bitter, Toward stable nickel catalysts for aqueous
phase reforming of biomass-derived feedstock under reducing and alkaline conditions, J. Catal. 319 (2014)
27-35. https://doi.org/10.1016/j.jcat.2014.07.014.

[6] M. Loewert, M.-A. Serrer, T. Carambia, M. Stehle, A. Zimina, K. F. Kalz, H. Lichtenberg, E. Saraci, P.
Pfeifer, J.-D. Grunwaldt, Bridging the gap between industry and synchrotron: an operando study at 30 bar
over 300 h during Fischer-Tropsch synthesis, React. Chem. Eng. 5 (2020) 1071-1082.
https://doi.org/10.1039/CORE00493A.



