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Decomposition kinetics of 5-hydroxymethylfurfural
catalyzed by dilute sulfuric acid

PENG Xinwen, LU Xiuyang
(National Laboratory of Secondary Resources Chemical Engineering , Zhejiang
University , Hangzhou 310027, Zhejiang, China)

Abstract: The decarboxylation of 5-hydroxymethylfurfural to levulinic acid is a key step in the preparation
of levulinic acid from biomass. In order to study the feasibility of producing levulinic acid by hydrolyzing
biomass with dilute sulfuric acid, the decomposition kinetics of 5-hydroxymethylfurfural was
systematically investigated at initial 5-hydroxymethylfurfural concentration of 1—9 mg  ml ', sulfuric
acid concentration of 0.05%—0.4% (mass) and temperature from 150C to 190°C. A parallel reaction
mechanism was proposed to data reduction, in which the main reaction was to form levulinic acid and the
side reaction was to form undesirable humins. With the first-order kinetics equations, the activation
energies evaluated were 78.5 kJ « mol ', 98. 0 kJ » mol ' and the reaction orders to H™ concentration were
1.16, 0.722 for main and side reactions respectively under the experimental conditions. The results
indicated that the selectivity of levulinic acid could be improved at a lower reaction temperature and a

higher sulfuric acid concentration.
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Fig. 1 Schematic diagram of experimental apparatus
1—reactor; 2—safety valve; 3—cooler;

V1~V6—high pressure valves; P—pressure guage
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Fig. 2 Effect of initial concentration on 5-HMF conversion
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Fig. 3 Effect of initial concentration on LA yield
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Fig. 6 Effect of temperature on 5-HMF conversion
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Sulfuric acid K K,
concentration/ % (mass) /min ! /min !
0. 05 0.00336 0.00336
0. 10 0.00741 0. 00529
0. 20 0.0174 0.0102
0. 40 0.0365 0.0143
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Table 2 Evaluated K, and K, at different temperature

Temperature K, K,
/C /min ! /min !
150 0. 00300 0.00158
160 0.00479 0. 00284
170 0.00741 0.00529
180 0.0122 0.00910
190 0.0210 0.0179
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