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Abstract — 5-HMF(5-Hydroxymethylfurfural) and LA(levulinic acid) derived from biomass are green platform
chemicals, which have a wide of potential applications as biofules and biochemicals. In this study, the kinetics of LA
formation from glucose decomposition with various concentration of sulfuric acid at different temperature was
investigated. The experiments were performed in a broad temperature (140-200 °C), using H,SO, (1-3 wt%) as the catalyst.
Glucose solution was made by dissolving 1 g of glucose in 10 ml of H,SO, solution. The reactions rates increased with
temperature and the activation energy showed a similar tendency to previous reported values. Reaction time for
maximum concentration of 5-HMF decreased as the temperature increased. Furthermore, the decomposition of 5-HMF
was fast as the acid concentration increased. Reaction time to reach maximum concentration of levulinic acid was
reduced as the acid concentration increased. Continuing to raise the temperature decreased the maximum concentration
of levulinic acid and increased the amount of humins. On the basis of results, kinetic parameters help to understand
mechanism of LA and 5-HMF. In addition, this study provides useful information to achieve high concentration of LA
and 5-HMF from biomass.
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Fig. 1. A reaction scheme for glucose decomposition into LA.
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= 5 dlEAr Aol gk &4 3} ol U] (£5) 56-111 kI/mol
HeAT o] F & AFellA] 78k @4J 3} ol g A 9} vl skl om,
SFFHALA S 53 5-HMF Aol that 2493} ol U X(E)
105.75 ki/mol®} 5-HMF =312 %3t 2| Zalat Aol st 24
3} AHA(E;) 99.45 ki/moli= )3 5 o] 2743} ofjf#] o}

]Sz o] Uitk 28 g1 3 4= gloltt.

ST TS FE R A O dig A3 ollUA(E)=
S-HMF Aol thdt 235} oAqR(E)ETE 52 3h& 7HoH,
5-HMF &3l &3k 71 A4 ol gk 8433} ol U= (£, elEd
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Table 1. Kinetic parameters for glucose decomposition using sulfuric acid catalyst

Reaction rate constant (min™")

Temperature (°C) i i A %, A % k/k;
140 0.0018 0.0011 0.0007 0.0029 0.0018 0.0011 0.6111
160 0.0048 0.0027 0.0019 0.0071 0.0044 0.0027 0.5625
180 0.0349 0.0193 0.0156 0.0047 0.0279 0.0191 0.5530
200 0.0842 0.0440 0.0402 0.1010 0.0577 0.0433 0.5226
Parameter Reaction
1 2 3 4
E, (KJ-mol™) 105.75 115.65 99.45 105.27
R? 0.9709 0.9740 0.9717 0.9710
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Table 2. Precious kinetic models using Bronsted acid catalysts

Model T (°C) Catalyst E, (kJ-mol™) A (minT) Ref
Glucose — ' » S.HMF —>—» LA E, =152
98-200 H,S0, Ep =165 N.A [17]
lz l“ - 2% Es=111 :
Humins Humins Ea4 =111
Glucose 41> 5-HMF L» LA Eal =86
l3 170-210 H,S0, E,=57 N.A [18]
E ;=209
Humins :
Glucose 41, 5-HMF 43, LA Eal =160 Al = 1.0210;
E,=51 A,=47.5-10
lz P 140-180 HCI £ os S =58710" [19]
Humins Humins E, =142 A, =20.4-107
Glucose — 1+ 5-HMF _2, LA
170-230 H,PO, Eq=121 N.A [20]
L SRR |
Humins Humins
N.A =Not Available
A T ST FalE T8 FRl Al gt & 7b oA A SF AT WEA s JoR i
43} AAA(EY7F 718 2o, elEsiat Aol thgt 24 5] o k.
UAN(Ey)= 7P 28kt o] 734 #3553 F7l A
AT A

ST T (k)7 O HHS & =
HMF 315 &3 Al 9S24k 7P & 3= 7t
7] wEo]ct.

o] Arol|A] A G seliq =] 9] zto]7} Table 201 AIAIE =
59 G 3} YA R} 2ol g} tET= Z1E & < Q) o]
Artc} 7Hd 3 Model, =W 9, Full, &3] olvA] 3k
o] B thE A wliEo]th Table 25 KW, obA] @k WiFEo)
B ogEvhs 28 & 9lom, o] H4ES BT A3~
Fholl FES A, Ak Aol ufet A3} x| FhE thE
A REETH 2 el 5U3 Model B FullE AR [17)5 W]
SRAPH, [17]9] 3= 2 A7 ARgE A sleyA & ek
Whalo] v o), wheba] /g slelyA] gro] thE A vtk skAIT

7} dstell o BFA= B, 5Ae A daE 2 A

T Uk =gt 227} SVESES k kg #ko) A4Skt
ol 257} LR AR FEFA BHETI 5-HMF 3AESE
Hp w7 S8t

ke 5-HMFS ST T k)R S 2 RS & &
ZRF LA AA|7} 5-HMFE A3kE A ¢kofti= AL on
12 Zal Ad4 gE e e FFEA QA tiEk o2 7
LAk Fiool g 8 4 gk 218 vEpict.
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3-4. 5-HMF Zofl I MAMHIS

Kinetic model®] 7FgollA SFF A7) £33t S-HMF=Z &=
Ao YA, FFIFL A0 5S-HMFE 7F= AZ9
mechanisme E3510] o8] FIHA7F 8AF 1 #38)1E 4= o). 5-
HMF7} 9143 214191 218 5-HMF 28l & =A< (k) 7} 5-
HMFS] AL EAF (k)R ok S Tal & 5
el S-HMFE EQPg et Sibalo] o whe S22 dlEdit W &
o g FalEnhs 2S & 5 9o, Fig. 38 F3l elEdAty)
T2 5-HMFE Vbl 2hashs A5 B 5 leh

Fig. 4= B9, 140 °CollA] 200 °CE & 57} S71a+= A
Q1 5-HMF A ¥ =7} stolx] = 218 221 & 4= Q)1 o]+
o FEE 53 Fu Al gt 43} AUR| (£, A &
st ollUA & 7HE 2 #hs 7HA, &2l Wizkael] wiolh n
2 L57) 718 E S HMF Bl S B3 9 AAdo] #-2)3)
AWA, L7t E71EFEE 5 HMF A8 57t Wolx]= 7o 7 1
¢t} Fig. 29 (0)E 538l, 57} 5718E 5-HMF Hofl 5ol
o3k vES-AI 7o) FrolAi= 2& & 4= Q). o]+ Table 15 53

S WS AIZHS A
A 5= A, L5 YESFE S HMFS A sl TEshe
HES-A 7Y0] AR 7] W&o &5 Ald HF= AL 5-HMF &
JollA FElekA] e Tt

Table 3= 4t Fojjof] whe} o) 552] 5-HMF & w 2] 5-HMF
AEeS Uepd A0 2 A Fujjo] svt ol S A &
£9] 5-HMF & w|2] 5-HMF A8 =7} Atk= A& & 5 Qo)
2hA], Ak F) 9] 52Ut FoldS S 5-HMFP] | %7} 57
sh= A& Fig. 38 S8l & 5 Stk =3, 3k )0 2 E
A4F S-HMF7F U= W24 235 &= 3 Fig. 35 T3 &
21t} ©]+= Brensted AF0] 5-HMF2] 7|rital|l & £413517] w
of, FAl Fuj9] FEE FUAFE 5-HMF/| o WEA BaiE =
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Fig. 3. (a), (b), (c), (d) : Concentrations during the hydrolysis of 2wt% H,SO, at different temperatures; (e), (f), (g), (h) : Concentrations
during the hydrolysis of 3 wt% H,SO, at different temperatures (ll glucose, A 5-HMF, @ LA).
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Fig. 4. Effect of reaction temperatures on S-HMF selectivity (Il 140 °C,
@ 160 °C, A 180 °C, V¥ 200 °C).

Table 3. 5S-HMF selectivity at maximum concentration of S-HMF on
different concentration of H,SO,

H,50, 160 °C 180°C 200 °C
2wi% 0.108 0.167 0.178
3 wi% 0.149 0175 0.196
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X6 =0.99 (A 1 wWt% H,S0,, B 2 wt% H,S0,, @ 3 wt% H,SO,).
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Nomenclature
Cegryp : Initial concentration of glucose [mol-L1]
Cs,  : Concentration of glucose [mol-L']
Cs_yur - Concentration of 5-HMF[mol-L]
C;4 : Concentration of LA [mol-L"]
k¢ : Reaction rate constants of glucose decomposition [min™']
ky : Reaction rate constants of 5-HMF decomposition [min™']
k : Reaction rate constants of reaction 1 [min']
ky : Reaction rate constants of reaction 2 [min™]
ks : Reaction rate constants of reaction 3 [min™]
ky : Reaction rate constants of reaction 4 [min™']
Eg : Activation energy of glucose decomposition [kJ-mol™]
Ey : Activation energy of 5-HMF decomposition [kJ-mol™']
E, : Activation energy of reaction 1 [kJ-mol']
E, : Activation energy of reaction 2 [kJ-mol™']
E; : Activation energy of reaction 3 [kJ-mol™']
E, : Activation energy of reaction 4 [kJ-mol']
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