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Fig. 1. NH; TPD profiles of WO3/Al,O3 with various
WOs loadings.
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Fig. 2. AH*-AS* compensation plot for gas phase glycerol

dehydration of glycerol over WO3/Al,O3 and HZSM-5.
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Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposi...

Alkaline earths titanate mixed metal oxides for sugar conversion.
('ICAT, Hokkaido Univ.; 2IMRAM, Tohoku Univ.; SMIRAI, JST) ODaniele Padovan'
Hideki Kato? + Kiyotaka Nakajima'->*

In this work we explore the utility of barium titanates
with different compositions for the selective dehydration
of glucose into 5-hydroxymethylfurfural (HMF), an key
intermediate for biomass-based commodity chemicals.
Precise control on acidity and basicity by changing
crystallization temperatures improved HMF selectivity.
Solid Lewis acid, Biomass conversion, HMF
nakajima@cat.hokudai.ac.jp (Kiyotaka Nakajima)

1. Introduction
Dehydration of glucose produces HMF that is an

important key intermediate for biorefinery processes (Fig.

1). Conjugated Lewis acid-base pairs of phosphate/TiO,
are effective for sugar dehydration in water.""?. TiO, is
characterized by weak Lewis acidic and basic characters,
limiting the tunability of acid-base pairs. Barium titanate
complex oxides have a higher basic character due to the
presence of alkaline earth metal (Ba), greatly expanding
the scope for the modification of Lewis acid-base
properties. In this work, we modify the acid and base
characteristic of barium titanates to increase in the HMF
selectivity in glucose dehydration.

OH OH HO
Fig. 1 Synthesis of HMF via glucose dehydration.

2. Experimental method

Barium titanates were prepared by amorphous metal
complex (AMC) method, followed by calcination at
different temperatures. The catalytic reactions were
performed in a round bottom flask placed in a
thermostated oil bath. Typically, a 2 mL of aqueous
glucose solution (3 wt.%) and NaCl was heated with 100
mg of catalyst and 7 mL of methyl tetrahydropyran
(MTHP) at 140 °C for a set time. After the reaction,
aliquots were analyzed by HPLC.

3. Result and Discussion

BaTi,Os samples calcined at 600, 700 and 900 °C
were examined in glucose dehydration. BaTi,Os@600 °C
is an amorphous oxide consisting of amorphous BaO and
amorphous TiO,, while BaTi,Os@900 °C is present as a
single phase (tetragonal phase) and fully crystalline
material (Fig, 2). In contrast, BaTiOs@ 700 °C is a
mixture of various Ba-Ti oxides including tetragonal
phase of BaTi,Os (Fig. 2).

BaTi,0, 900 °C
BET area: 4 m’g’”

BaTi,0, 700 °C

2 1

BET area: 10 m° g

BaTi,0, 600 °C
BET area: 19m? g’

rr 71T 1T 17T 7 1T 17T 711
0 10 20 30 40 50 60 70 80 90
26 / degree
Fig. 2 XRD and surface area of BaTi,Os samples.
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Fig. 3 HMF formation with BaTi,Os calcined at different temperatures.

(left) conversion vs time and (right) HMF selectivity vs conversion.

Crystallization temperature greatly influences catalytic
performance of the resulting BaTi,Os. The rate for
glucose conversion decreases as crystallization
temperature increases (Fig. 3, left), which is in good
agreement with the trend in their surface areas. Major
differences were found when the values of HMF
selectivity were plotted against those of glucose
conversion (Fig. 3, right). BaTi,Os@600 °C showed low
HMF selectivity, due to strongly basic and water-soluble
BaO that promotes severe side reactions. In contrast,
high HMF  selectivity with

BaTiOs@900 °C. Such unique -catalysis is simply

was  obtained
attributed to original acid-base property of monoclinic
BaTiOs@900 °C. BaTi,Os@900 °C can be reusable
without loss of original activity by simple calcination of
the used catalyst in air after each run.

References

1) K. Nakajima et al., J. Phys.Chem. C, 117, 16028 (2013)

2) R. Noma et al., J. Phys.Chem. C, 119, 17117 (2015)
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