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Table 1 Typical one-step technologies for furfural production
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Table 2 Early two-step technologies for furfural production
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Table 3  Status of new furfural production methods in two-step
methods from pentose
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Fig.1 Simplified diagram of comprehensive lignocelluloses
conversion process that integrates formic acid/acetic acid
pretreatment with followed conversions of three components

1.3 REFHEEEEBENEMTEEaLEey

B R HEREREAMR I 75K, BHIF N 30 TR
PR RCHE [ IS SR AR AN LT 2 2 A A R L A 2 vt o (OB T
PRI TARITT R, FHEAN R TTR T KR “—Hik”
[0 PR RV SS9 ORI HMF, BEIERT HMF
FEY) . BRI SRR TIWFIL, a3k 4 .

Wyman AR i T R/ THF 14 %&b C5 Al C6 K]
PRI AN BN R AR R . Cai 25EOVR I B 20 ¢ 1
IR IR -THF YA R R A BAA,  [R) SR A5 B i
MM, R THF (170 'C, 40 min, 1%,
311 THF/H,0), P I8 i BE IR 7= % 4y il g2 87% A1
32%. MR EF] 200 C, MRS ERSH 1.5%,
I EAIN THFE I, 2B A R 1) d5e i JBE UK 77 S5 0k 3]
75%, {HULIRERE = 2[5 0. Dumesic [HBAJF & T #
fly- MR (GVL) fRZRH C5 Fl C6 Hlf [F] 20 b s Fn
LR BRIIHFSE, Alonso 2PN BL, KRS FFAIE M
ARAERG B BRIGV L 3 AH A4 5 vl ] 250 e Ak = Hie 1 F0 S R
FRmy, RN T, MREEEE K™ 201k 73%,
H RN R = AL Ny 51%, B R N S8, WE
AR [ 2D



%5 15 1) T ARETYE R TR AR A B 1 L ML o R 275
F4 BB C—ERE7 HE/BIBTARRFLELEYHNRRHER
Table 4 Typical one-pot diluted acid/organic solvent systems for platform chemicals production
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Fig.2 Three proposed paths for xylose dehydration into furfural
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Note: where X,=reactive xylan fraction in the wood; Xn=nonreactive xylan
fraction in the wood; X,=xylan oligosaccharides in the prehydolyzates; X=xylan
in the prehydrolyzate; F=furfural in the prehydrolyzate; D=further degradation
products.
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Fig.3 Xylan hydrolysis model
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Progress on technologies and mechanism of furfural production from
lignocellulose catalyzed by acids
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Abstract: Furfural is an important high value-added platform chemical derived from lignocellulosic biomass. Domestic and
foreign scholars launched various studies of furfural production from biomass, especially in the field of acid catalyzed
hydrolysis. In this study, it was reviewed that the progress on technologies and mechanism of furfural production from
lignocellulose catalyzed by acids, especially diluted Bronsted acid. The progress status of traditional one-step furfural
production technologies was summarized at first, and the problem of large amount of waste water treatment in traditional
furfural industry was analyzed. To solve the shortages of one-step technologies, different types of two-step technologies were
proposed to achieve the saccharides of hemicellulose to C5 sugars and the dehydration of C5 sugars to furfural separately. The
first step of two-step technology was similar to the pretreatment in cellulose ethanol technology, so researchers mainly focus
on the second step of furfural preparation from C5 sugars. They invented new methods (such as new solvent systems and
catalysts) to increase furfural yields, or improve the economic efficiency of reaction progress by applying effective heating
methods or by transferring furfural from reaction system as soon as its generation. In this section, methods of ionic liquid
solvent, solid acid catalyst, microwave-assisted heating, organic solvent extraction, supercritical carbon dioxide extraction
were studied. Then the new and hot technologies of simultaneous production of furfural and cellulose-derived chemicals, such
as 5-hydroxymethylfurfural and levulinic acid were described and evaluated. In the second part, the reaction kinetics of xylose
and lignocellulosic biomass catalyzed by diluted Bronsted acids were comprehensively analyzed, and the research progress of
related mechanisms was depicted. It was concluded that the kinetic models of the furfural production from lignocellulose were
significantly influenced by the acid concentration and temperature. Under higher acid concentration and temperature, the
kinetic model was more simple, and close to the “xylose-furfural-degradation products” path or the “xylan-xylose-furfural”
path. In the third part, both the mechanisms of furfural generation from xylose and by-products generation from furfural were
introduced. In the fourth part, due to Lewis acid catalysis was confirmed important and effective for xylose isomerization to
xylulose, and xylulose conversion into furfural was more easier, we summarized the progress and mechanism of xylose
conversion into furfural catalyzed by Lewis acid, such as FeCls, SnCl, and LiCl. Finally, the research status of the solvent
effects in acid/organic solvent reaction systems was concluded, and due to quantum chemistry was used in platform chemical
production progress recently, the application of related software was introduced, such as GROMACS. This paper aimed to
provide sufficient information for relative scholars to carry out research on furfural production from biomass, and to help
scholars to conduct selective research.

Keywords: biomass; catalyzation; kinetics; furfural; organic solvent; mechanism



