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Modified Alumina Catalysts with Organic Groups for Fructose Dehydration Process Into a Continuous Reactor to Obtain 5-Hydroxymethylfurfural 

Wi, S. (NHMFL); Garcia, C.D.; Casabianca, L.B. (Clemson U., Chemistry) and de la Rosa, J.R. (U. Autónoma de Nuevo León, Chemical Engineering) 

Introduction 
	5-hydroxymethylfurfural (HMF) is one of the most versatile precursors used by the chemical industry because of its high reactivity and polyfunctionality. HMF is a precursor molecule for the synthesis of dialdehydes, glycols, ethers, aminoalcohols and acetals, which in turn permits the manufacture of many chemicals, such as solvents, surfactants, pesticides and resins. HMF and derivatives also have applications in the fields of sustainable technologies for the production of polymers and biofuels. HMF is obtained by catalytic dehydration of fructose, glucose and sucrose in the presence of acid catalysts. 
[image: ]A synthetically modified alumina catalyst is prepared by grafting with a thiol group and a sulfonic acid group to improve catalytic ability, selectivity, and stability.1,2 The incorporation of sulfonic acids thioether groups in mesoporous materials have shown a high conversion of fructose to HMF.  Dynamic nuclear polarization (DNP)-surface enhanced spectroscopy (SENS) NMR in solid-state3 is utilized for the characterizations of fresh and spent catalysts. This project utilized a state of the art DNP instrumentation of the National High Magnetic Field laboratory (NHMFL) that is equipped with a gyrotron microwave source at 395 GHz operating at a magnetic field of 14.1 T. 
Experimental
 Samples for DNP-SENS NMR were prepared by mixing about 20 mg of each sample with about 20 L of 5 mM TOTAPOL solution (90% D2O+10% H2O). 13C NMR signals were obtained under magic-angle spinning (MAS) condition by performing cross-polarization (CP) from 1H magnetizations of water in DNP juice that were enhanced by DNP.  Room temperature 13C spectra were obtained by employing conventional 1H-13C CP-MAS method.
Results and Discussion
	DNP-SENS method conveniently monitors the changes on the catalytic surface functional groups as the reaction proceeds. It detects not only the changes in the structure but the extent of polarity and degradation of the surface functional groups. By choosing the polarity of DNP juice one can detect both the hydrophilic and hydrophobic sites on the surface as well as the changes in their polarities. As an example, Fig. 1 shows changes of the structure and polarity of functional groups on the modified alumina catalyst as the reaction proceeds under hydrophilic environment. For obtaining a complementary type of information we have extended it to the investigation of the changes in the hydrophobic nature of the functional groups as the reaction proceeds by using hydrophobic biradical, TEKPOL (data not shown).[bookmark: _GoBack]Fig.1 DNP SENS NMR spectra measured at 100 K and conventional NMR spectra measured at the room temperature of a synthetically modified alumina catalyst. Each spectrum was obtained by employing 1H-13C cross-polarization under magic-angle spinning (CPMAS) method. Each catalyst sample was mixed with 5 mM biradical TOTAPOL solution prepared with 90% D2O and 10% H2O.
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Red: DNP/1H-13C CPMAS NMR at 100 K; 256 scans
Black: Conventional TH-13C CPMAS NMR at 298 K; 26000 scans
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