Downloaded from orbit.dtu.dk on: Dec 19, 2017

Technical University of Denmark

=
—
—

i

Aerobic Oxidation of HMF to FDA with Ruthenium containing Ferrite-Spinel Catalyst

Eyjolfsdottir, Ester Inga; Riisager, Anders

Publication date:
2011

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Eyjolfsdottir, E., & Riisager, A. (2011). Aerobic Oxidation of HMF to FDA with Ruthenium containing Ferrite-
Spinel Catalyst. Poster session presented at 10th EuropaCat Congress , Glasgow, United Kingdom.

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


http://orbit.dtu.dk/en/publications/aerobic-oxidation-of-hmf-to-fda-with-ruthenium-containing-ferritespinel-catalyst(6ead3dca-e11c-41ab-a7d0-4ac65dea2e3a).html

DTU

Ester Eyjoltsdottir,

Aerobic Oxidation of HMF to FDA with
Ruthenium containing Ferrite-Spinel Catalyst

Anders Riisager

Centre for Catalysis and Sustainable Chemistry (CSC),
Department of Chemistry, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark

eiey]@kemi.dtu.dk

Introduction

In the past years, there has been a rising demand for efficient heterogeneously
catalyzed oxidation processes for production of both fine and bulk chemicals
[1]. In order to avoid waste generation, considerable effort has been put into
the development of aerobic oxidation methods using molecular oxygen as the
stoichiometric reagent. Recent studies have shown that ruthenium oxides are
active oxidation catalysts for various functional groups [2].

In this work we have wused a ferrite-spinel based catalyst,
MnFe; Ruy ;:Cu, :O,, previously described by Ji et al. [3] to efficiently
oxidize 5-hydroxymethyl furfural (HMF) to 2,5-furandicarboxylic acid (FDA)

in water in the presence of molecular oxygen:
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Why HMF and FDA?

> HMF can be obtained from biomass via dehydration of hexose
monosaccharides, such as glucose or fructose [4], and is a precursor for
many compounds with high industrial potentials, such as FDA, figure 1.

> FDA has been identified as an important value added chemical by the
U.S. Department of Energy biomass program [5].

> FDA can replace chemicals derived from fossil fuels in manufacture of
bolyamides, polyesters, and polyurethanes.
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Figure 1: Reaction network and lifecycle of HMF as a renewable platform molecule.
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Figure 2: Possible reaction pathways for the oxidation of HMF to FDA.

The oxidation of HMF to FDA can proceed via two pathways; oxidation of the
alcohol group to aldehyde, forming diformyl furan (DFF) or oxidation of the
aldehyde group to carboxylic acid, forming 5-hydroxy-2-furancarboxylic acid

(HMFCA). Further oxidation of both DFF and HMFCA vyields 5-formylfuran-
2-carboxylic acid (FFCA) and then, FDA.

Experimental and Results

The catalyst, MnFe, (Ru, ,Cu,,:O, was prepared as described by Ji et al.
[3].  All reactions were carried out in a stirred Parr reactor autoclave, and
the degree of conversion and yields of individual products were quantified by

HPLC.
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Figure 3: Product yields as a
function of reaction time.
Reaction conditions: 10 mL
2.2 wt% HMF in aqueous
solution, molar ratio of
catalyst to HMF = 0.55, 10
bar Oz, 110°C.

Full conversion of HMF was
achieved in all reactions.
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Figure 4: Product and HMF

yields and as a function of
oXygen pressure.

Reaction conditions: 10 mL
2.2 wt% HMF in aqueous
solution, molar ratio of
catalyst to HMF = 0.55,
110°C, 6 hours.
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A Figure 5: Product and HMF
| vyields as a function of
reaction temperature.

1 Reaction conditions: 10 mL
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O
- -
] j/ .~ | solution, molar ratio of
\A catalyst to HMF = 0.55, 10

3 bar Oo, 6 hours.

Yield [%]

40

Temperature [°C]

Conclusions

> Quantitative yields of FDA can be achieved at 110°C and 25 bar O in 6
hours using 2.2 wt% aqueous solution of HMF and molar ratio of Ru to

HMF of 0.19.

> Increased oxygen pressures and increased reaction temperatures have
hositive effect on the reaction rate, although too high temperatures have
peen shown to cause degradation of HMF.

> Detection of both DFF and HMFCA in post-reaction mixtures suggests
that the reaction proceeds via both possible reaction pathways shown in
figure 2.

[1] Franz, G.; Sheldon, R. A. In "Oxidation”, Ullmann’s Encyclopedia of Industrial Chemistry, electronic release, 6th ed.; Wiley-VCH:
Weinheim, 2000; Chapter 2.

[2] Arends, I. W. C. E.; Kodama, T.; Sheldon, R. A. In Ruthenium Catalysts and Fine Chemistry, Bruneau, C., Dixneuf, P. H., Eds.;
Springer-Verlag, 2004; Vol. 11, Chapter Oxidation using ruthenium catalysts, pp 277-320.

3] Ji, H.-B.; Ebitani, K.; Mizugaki, T.; Kaneda, K. Catalysis Communications 2002, 3, 511 — 517.
4] Corma, A.; Iborra, S.; Velty, A. Chemical Reviews 2007, 107, 2411-2502.

5] Werpy, T.; Petersen, G. Top Value Added Chemicals from Biomass Vol.1, http://www.osti.gov/bridge, 2004, Accessed April 25th
2010.

T his work was supported by the Danish National Advanced Technology Foun-
dation and Novozymes A/S.



	References

