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Abstract: In this work, acidic ion-exchange resins with strong Bronsted sulphonic groups were
assessed in the catalytic etherification of the platform molecule 5-(hydroxymethyl)furfural (HMF)
to 5-(ethoxymethyl)furfural (EMF), a biofuel with an energy density close to that of gasoline (30
MJ/L) which also reduces emissions of NOx and SOxand solid particles respect to fossil-derived
fuels. Catalytic performance was optimized modifying experimental parameters such as reaction
time, temperature and concentration of reagent employed. This process was carried out in batch
reactors using ethanol 96% as solvent. Among different cation-exchange resins tested, Purolite
CT275DR provided the fastest HMF conversion together with Purolite PD206, and the highest
selectivity to EMF, achieving above 70% selectivity at 100°C. Overtime, strong acid sites favoured
product hydrolysis opening the furan ring originating ethyl levulinate (EL) to the detriment of EMF
selectivity. Purolite CT275DR was also utilised to realize the transformation from sugars directly to
EMF in the same reaction medium, in a one-pot process, obtaining relevant results from fructose
(37% HMF yield, 21% EMF yield after 5 h), but originating selectively ethylglucosides and
ethylgalactosides in the presence of glucose and galactose respectively due to the absence of
necessary Lewis acid sites to isomerize aldose and proceed with dehydration.
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1. Introduction

Nowadays, fossil resource depletion as well as climate change produced by their exploitation
are major concerns [1]. Biomass is receiving increasing attention due to its renewable nature,
abundance and worldwide availability. Lignocellulose is the most abundant renewable source [2],
since it appears in nature with structural function in plants and constitutes an important part of their
dry weight. Approximately a 45% of lignocellulosic biomass corresponds to cellulose, 27.5% to
hemicellulose and 17.5% to lignin [3]. Cellulose is the most abundant biopolymer in earth, and this
makes glucose, its only monomer, a key compound for valorisation processes into high value-added
chemicals and fuels.

Hexose triple dehydration in the presence of Bronsted acid leads to the formation of HMF, a
versatile platform molecule with applications in polymer science and biofuel production [4]. EMF is
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a potential biofuel derived from HMF, which is produced from the simple etherification with ethanol
of the hydroxyl group present in the HMF molecule. EMF is a substance with similar properties to
those of common fuels currently employed. It has an energy density of 30.3 MJ/L (94% of that of
gasoline) [5], improves kinematic properties in cold and reduces particle formation, NOx and SOx
production respect to common fuels [6].

Under acidic media, saccharides and its valuable derivatives can produce a wide range a by-
products, as well as soluble oligomers and insoluble polymers (humins) that reduce selectivity [7-9].
EMF synthesis has been reported by using ionic liquids [10], heteropoly acids[11], ion exchange resins
[6], or metal salts [12] accompanied of Lewis acid sites to promote isomerization of glucose to fructose
when it was required [6,13]. However, difficulties remain still in the transformation of fructose to
EMF, or specially starting from glucose.

Aiming to improve results and achieve more selective production from different sources, this
work evaluates the behaviour of several ion exchange resins in the catalytic etherification of HMF to
EMF, including the one-pot transformation of saccharides. Thus, cation exchange resins with
different nature, both macroreticular (Purolite CT275DR, CT269DR, and Amberlyst 15) and a gel type
resin (Purolite PD206), were tested for EMF production.

2. Materials and Methods

Catalysts employed were commercially available ion exchange resins. Purolite CT275DR,
Purolite CT269DR and Purolite PD206 were acquired from Purolite®, Amberlyst 15 from Fluka®.

Etherification reactions were carried out in batch reactors (Ace pressure 15 mL). Typical
conditions employed were 5 mL of solvent (ethanol 96%, VWR Chemicals), 0.1 g of HMF (99,9%,
Sigma-Aldrich), 0.05 g of catalysts and 100°C, unless otherwise specified. Reactors were purged
before reaction with N2 to avoid secondary reactions related to O: presence and heated under
magnetic stirring in a temperature regulated aluminium block. Reaction time started counting once
it was submerged in the aluminium block, previously heated at the desired temperature. Once
reaction time finished, the reactor was extracted from the aluminium block and cooled with water.
For the analysis, samples were diluted in water and analysed through a JASCO high performance
liquid chromatography (HPLC). The instrument employed a Phenomenex REZEX
Ca? Monosaccharide (300 mm x 7.8 mm) column heated in a column oven (CO-2065) at 70°C with 0.4
ml/min of deionized water flow provided by a quaternary gradient pump (PU-2089). The instrument
is equipped with a multiwavelength detector (MD-2015) as well as a refractive index detector (RI-
2031-PLUS) for qualitative and quantitative measurement.

Conversionyyr = ((MOlinitiaimr — MOlginaimr))/MOlinitiaime) - 100 1)
Selectivityx = (molgpax/(MOlinitiaimr — MOlipitiainme)) - 100 )
Yieldy = (Selectivityy - Conversionyyg)/100 3)

3. Results and Discussion

Firstly, these cation exchange resins were submitted to catalytic screening under aforementioned
conditions (100°C, 0.1g HMF, 0.05 g catalyst, 5mL ethanol) at different reaction times (Figure 1a).
HMF conversion followed a first order reaction (Figure 1b) with very high conversion values after 24
hours of reaction for all studied resins. Purolite CT275DR and Purolite PD206 seemed to be slightly
more active than the others. Regarding the selectivity, resins could produce EMF with selectivities
above 70%, concretely Purolite CT275DR in a time below 9 h or Purolite CT269DR after 9 h reaction.
EMF selectivity values become increasingly worse as time progresses, decreasing due to secondary
reactions (Figure 1c). Therefore, reaction time is a factor that affects unfavorably EMF selectivity.
HMF and EMF rehydration are known to produce levulinic and formic acids, or their respective esters
in alcohol media [14]. Over time, EL selectivity increased in agreement with this statement (Figure
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1d). While Purolite CT275DR, Purolite CT269DR and Amberlyst 15 presented similar values of EL
selectivity at all times, Purolite PD206 particularly showed the highest EL selectivity among the resins
studied, up to 26%, after 24 h. It should be noted that purolites provided the best selectivity results
towards EMF surpassing that of Amberlyst 15.
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Figure 1. (a) Conversion of HMF at 100°C. (b) Logarithmic representation of HMF concentration
respect to time. (c) Measured selectivity towards EMF production. (d) Measured selectivity towards
EL formation. (100°C, 0.1g HMF, 0.05 g catalyst, 5 mL ethanol at different reaction time).

However, it is important to attain the direct transformation of saccharides to EMF instead of
utilizing HMF as feedstock, given that these saccharides can be easily accessible from lignocellulose.
Hence, Purolite CT275DR was tested by using fructose, glucose and galactose to obtain EMF in a one-
pot reaction (Figure 2). Fructose was readily dehydrated in the presence of strong Bronsted acid sites
present on the resin, giving rise to a HMF yield of 39% after 5 h. Moreover, EMF was detected from
fructose, so HMF was etherified to EMF, obtaining a EMF yield of 20% after 5 h. Nevertheless, aldoses
need the presence of Lewis acid sites to isomerize to ketoses and proceeds with dehydration to form
HMF. As expected, neither glucose nor galactose produced HMF, EMF or EL. Both reagents were
transformed selectively to a single unidentified product, which, according to previous works dealing
with the treatment of glucose with Bronsted acidic solids in the presence of ethanol [11], could be
ethyl glucoside and ethyl galactoside, respectively.
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Figure 2. Conversion and selectivities towards HMF, EMF and EL (100°C, 0.15g hexose, 0.05g Purolite
CT275DR, 5mL ethanol for 5 hours).

4. Conclusions

Several resins were assessed in the etherification reaction of HMF to EMF by using ethanol as
solvent. The resins showed relevant conversion values. The use of purolite resins resulted in good
values of EMF selectivity, particularly the use of Purolite CT275DR, which also showed the best
conversion values together with Purolite PD206. To prove the applicability of the resin to saccharide
conversion, fructose, glucose and galactose were employed as feedstock, under similar experimental
conditions instead of HMF, as reagent. As expected, the resin failed to convert satisfactorily aldoses
to HMF in the absence of Lewis acid catalyst, but Purolite CT275DR successfully transformed fructose
with a HMF yield of 39% and an EMF yield of 20% after 5 hours.
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