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Kinetic Study on Conversion of Glucose to 5-hydroxymethylfurfural
in Different Solvents

Lin Haizhou Sun Wuxing Ru Bin Chen Jingping Wang Shurong
( State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract; As a high value-added platform chemical in biorefinery, 5-hydroxymethylfurfural ( HMF) can
undergo conversion to various fine chemicals and high quality liquid fuels. Glucose decomposition in
liquid-phase system is the conventional route for HMF production. To get insights into the effects of
different solvents on HMF formation, the conversion of glucose in three different solvents, including
water, dimethylsulfoxide (DMSO) , and water-DMSO mixture, was performed over the temperature range
of 100°C to 200°C. The results showed that the yield of HMF in water-DMSO mixture at 175°C was up to
20.7% , which was much higher than that in pure water (11.86% ) and DMSO (10.0% ). A reaction
model involving the formation pathways of HMF, levulinic acid (LA) and humin was used to analyze the
kinetics of glucose decomposition, and the obtained kinetic parameters predicted experimental results very
well. Tt was found that DMSO altered the path of glucose isomerization, resulting in the formation of
fructose and galactose. Compared with the enhancement of HMF activity in water, DMSO suppressed the
further reaction of HMF to form LA and humin. Moreover, the properties of the humins generated in the
three solvents were characterized, and the corresponding formation mechanisms were discussed.
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Fig.1 Glucose conversion rates in three solvents

(a) JK¥EH (b) DMSO %5  (c) /K-DMSO #5]

K 2 frs AR T HMF J 7= R 98, 7
175°C LA B, HMF [ 7= 8015, 31X 5 ) 25 5 0 1%
U R I S S I N 1138 S v A 1 21 I < 7 S =
HMF y=3 Y435 fF 4 175°C i), K -DMSO & & &
FASE] ) HMF 7= 32 0] 3% 8] 20. 7% |, 8 & T 7K % 51
Ty 11.86% Fl DMSO % 7] T 9 10. 0% , X % B
K FKF1 DMSO B & % 7 0 ] i A B, 76 A0 X 58
fIGHR BE T 3K 45 @ 7= % HMF [ o] 417 ¥, 78 200°C

i, HMF 7 3 K F) /8 & R 2 7KL K-DMSO
DMSO, H. B % & 157 i [1] 1 38 in , HMF (1) 77 5 585 4%
g AL, X 5 HMF kA K G5 RE RN A
0, FE200°C 2 h B B N AE R A 1
T, DMSO ) 77 16 K I 9 38 T H % OWE R AR R
humin {5 £F: 1 , {8 8 DMSO H HMF 7 H B Tk
S 5 00 B 1 7 %

B3 R R T B LA 7R, 1R R T

B2 HME {6 R R 1 %
Fig.2 HMF yields in three solvents
(a) k¥ (b) DMSO %51 (c) /K-DMSO # 5]



204 & o Bl B ¥ iR

2015 4

17SCHE LA 75 3 Al o 10 72 A 5 2 R 16 1 K 5
SR FE y 200°C B, LA 7 5 W) 8 0, ok
BT LA P2 B o 25 T DMSO A H 1 54 Am

WU fe 553 o 3 U3 B AR B o il B DA S ik 2 HMF 55 7K
(422 fih BB A R T HMF /) Rk G VR BB T
LA i) 3.,

B3 LA R IR
Fig.3 LA yields in three solvents
(a) K#EF  (b) DMSO ¥ (c¢) /K-DMSO ¥

B 4 25 T AT BELE 200°C F A [l 8 50 v g
WI e B o TEKHE B 1A 2, B 2 S B I ] () 49
T, M (936 35 4 3 7 6 A1, 117 LA 199 25 5 1 S A0 2
#a#, TMifE DMSO 5 /K-DMSO %5 s, HMF &% 4%
It % I 1] 934 52 B SE b TH S AR B0 B # [ i LA
(B F LA 15 1 T R ¥, X2 i T DMSO i 4k
A FE A1 45 280 W 2 Ak 32 7 i i [A] SR 1) 90% LA b, KR
AR E T 0 A S A A R TD O — 5 o S
R FE HPLC oo 46 0 31 — 5 o SR B ( %) 17 % B
1] o 23. 69 min ) (77 LE o 425 0 5 4 Al o P 4L
VA it ) X e 3 o 20 R B I B EAT L A AL
PR R OB i B L A B HMF Y
R BT, S EOH A BE£E DMSO 17 7E i HMF %
PR SSB W T i B G L ) 3, HMF 5 58
£ A humin ALK A AR R LA 5 TR , o EL o 46
7 T T 11

Kl 4 200°C T AN [R50 T HME Al LA 5936 4% 1
Fig.4 Products selectivities of HMF and LA under
different solvents at 200°C

2.2 HAFESH

H1 b SO Bl R A [R]85 X 7 4 A I R AT
DR AT AE T BN RO, HL AR YRR P R Y S o AL B
FEBE A o MIEIMERR T LK 42 B HMF, g B th 2>
G WK A i 22 W8, 7 1 i B R ) A A T

Bl [R) I8 2 LR Ak A /N 1 W D5 2B ALY
HMF 3 o JF3h FE K A5 52 23 A il — 72 B 1 LA I
R DA R R RS R R it o Rk, AR SCR A
UnTELS P 7 1) 3l 7 24 L 23 Bt A [ S5 R I 500 4 Joi ke
] 25 0 5 e o) B HIME 59952 W), 8 A1 o i 32 %
9 SIS I A Fr — BRI

A" T,
HA — HMF —= LA+FA
humin humin

PS4 ol e g A58 2

Fig.5 Kinetic model of glucose decomposition
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Tab.1 Kinetic parameters for glucose decomposition in three different solvents

e WitbBE E/(kJ-mol ™) GHI 7 A
E, E, E,, E, Ay A, A A
K 128.1 115.0 93.9 113.6 1.13 x10" 4.77 x10" 1.54 x107 3.20 x 107
DMSO 91.0 101. 4 102.8 103.9 3.20 x 107 2.10 x 10" 2.01 x10* 2.70 x 10°
7K-DMSO 104.0 100. 7 100. 4 96.7 2.62 x 10° 4.81 x10° 7.92 x107 8.73 x10®
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Tab.2 Ultimate analysis of humin, HMF and glucose
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7K -DMSO 7 57 humin 45.77 5.34 48. 89 0. 80 1.40

HIEIHE (CaH 1, 04) 40. 00 6.67 53.33 1. 00 2.00

HMF(C4H,05) 57.14 4.76 38.10 0. 50 1. 00
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Fig.9 FTIR spectra of humin formed in three solvents K
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