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Abstract: The conversion of lignocellulose to value-added products is
normally focused on fuel production; however, large-scale biorefineries
require a cost-effective pretreatment process that can effectively fractionate
the three main constituents of lignocellulose for the production of chemicals,
fuels, and materials. In this study, a hemicellulosic biopolymer from poplar
was fractionated by a mild organosolv process and the effects of various
chemicals (sodium hydroxide, triethylamine, and formic acid) and alcohols
on the fractionation efficiency and structural variation of hemicellulose were
examined. Comparative studies indicated that an acidic catalyst decreased
the purity of hemicelluloses by partial degradation of cellulose, and the core
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of the hemicellulosic biomacromolecule could be released and dissolved

E-mail: bjfu140534126@163.com

under alkaline conditions with 5.8%~19.0% yields. In addition, the use of
alcohol with longer alkyl chains facilitated the release of the hemicellulosic
biomacromolecule by partially cleaving the ether bonds in the lignincarbohydrate complex (LCC); this is probably due to steric hindrance. The
thermal degradation behavior showed that complete pyrolysis was easily
achieved for the hemicellulosic polymer with minimal branches irrespective
of its molecular weight.
Keywords: organosolv fractionation; biorefinery; hemicelluloses, thermal
property
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Introduction

The increasing demand for energy and materials has attracted increasing concerns
over greenhouse-gas-induced climate change and future fossil petroleum shortage.
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To mitigate these threats, new technologies are being

hydrothermal[9-10], dilute-acid[11-12], alkali[13-14], steam

developed to balance economic growth and the

explosion [15] , ultrasound-assisted extraction [16] ,

environmental impact by utilizing biomass components

and ultrafiltration [17-18] processes. The organosolv

to replace petroleum-derived energy carriers and
chemicals [1-2]. As the concept of “BIOREFINERY”

pretreatment has been proposed to provide both

is extensively prevalent recently, the utilization

including the disruption of hydrogen bonds in

of all the components of biomass is becoming an

crystalline cellulose and the removal of lignin and

increasingly important topic for governments and

hemicelluloses that embed within the cellulose fibers.

researchers, in particular regarding the applications

In addition, the pretreatment results in an increase in

of hemicelluloses

[3-5]

chemical and physical modification of the substrate,

. Hemicelluloses, also termed

the fiber porosity and surface area of cellulose and a

heteropolysaccharides or polyoses, are non-cellulosic
polysaccharides consisting of D-xylose, D-mannose,

reduction in the degree of polymerization (DP) for

L-arabinose, D-glucose,

ethanol and methanol have primarily been used

subsequent enzymatic hydrolysis [19-21]. Historically,

D-galactose, and 4-O-methyl-D-glucuronic

in organosolv pretreatment because of their low

acid residues with different fractions and different

cost and volatility, which are beneficial for solvent

substituents. The main hemicellulose of hardwoods

recovery. A variety of organic solvents, temperature

is O-acetylated 4-O-methyl-glucuronic acid xylan

and pressure conditions, and catalysts have been

or glucuronoxylan. According to Willfor’s report,

extensively investigated. After the pretreatment, the

xylan is the major hemicellulose constituent in poplar

solid and liquid forms are separated and high-purity

species (15.9% to 22.4%) followed by mannan (0.9%

solid lignin is precipitated and isolated by decreasing

to 3.4%), 4-O-methyl-glucuronic acid (2.2% to 2.8%),

the concentration of the organic solvent in the liquid;

galacturonic acid (2.3% to 2.8%), and glucuronic acid

the solvent is then recycled and reused. Industrially,

[6]

(0.1% to 0.3%) . Xylan, in most cases, is extensively

a feasible pretreatment processes should have good

connected with cellulose by hydrogen bonds and van

pulp yield, maintain high quality of the other two main

der Waals forces, which determine its vital role in the
recalcitrance of cell walls. Thus, xylan is of critical

constituents, and be cost-effective.
Triploid Populus tomentosa Carr., a kind of fast-

importance in cellulose enzymatic hydrolysis.

growing poplar widely planted in China to prevent wind

The consideration of co-products in value

erosion and control desertification, has considerable

engineering and the target costing of lignocellulosic

economic and ecological importance[22]. In recent years,

biorefining are important aspects for an overall

triploid poplars have been rapidly used in the production

economic evaluation and subsequent implementation

of paper, boards, and bioethanol. In previous studies,

[7]

of new technology . An effective pretreatment

the variation of the crystal configuration in cellulose

strategy is to develop a platform where cellulose is

extracted from triploid poplars was comparatively

recovered for bioethanol, and other components in

investigated after dissolution-regeneration treatment

biomass are also converted to valuable coproducts.

with different solvent systems. The bioconversion

Lignin depolymerization into bio-based aromatics
via ‘lignin-first’ processes has been reported [8] ;

efficiency of the regenerated cellulose changed

however, the utilization of high hemicellulose retention

variations of hemicellulose and lignin, isolated from

presents several key challenges, economically and

triploid poplars after an acidic biorefinery process, was

technologically. Rapid progress has been made for the

studied[24]. The flexibility of the biorefinery process

fractionation of hemicellulosic biomacromolecules

is an important novel consideration, reflecting the

using various pretreatment strategies, including

developing scenario regarding the variety of feedstock
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depending on the solvent[23]. In addition, the structural
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and product choices. As attention shifts from biofuels

carried out in a round-bottom flask with an external

to multi-product biorefineries, this flexibility will be

heater and a condenser and a wood to liquid ratio

required to support decision-making for the future

of 1∶20 (g/mL)[25-26]. After reaching the designated

biorefining industry. Following these premises, the

temperature (80℃), the mixtures were incubated

aims of this study were to apply the organosolv

(3 h), cooled to room temperature, and filtrated under

pretreatment under different conditions (acidic or basic,

vacuum. The liquid phase was neutralized to pH

different alcohols) to separate hemicelluloses from

value 5~6 with concentrated HCl or 2 mol/L NaOH

poplar. The fractionation efficiency was evaluated. The

and further concentrated under reduced pressure.

fractionated hemicellulosic samples were characterized

The hemicellulosic components were fractionated by

by Fourier Transform Infrared Spectroscopy (FTIR), Gel Permeation Chromatography (GPC),

adding three equivalent volumes of 95% ethanol and
centrifuging at 1000 g for 30 min. All the hemicellulosic

Thermogravimetry Analysis (TGA), and High-Pressure

samples were freeze-dried and kept in a desiccator at

Liquid Chromatography (HPLC).

room temperature for further analysis. To reduce errors

2

and confirm the results, each experiment was repeated

2.1

Experimental
Materials

A four-year-old triploid poplar (Populus tomentosa
Carr.) was cut from Shandong Province, China. After
being debarked and air-dried, the tree trunks were
chipped using a custom-designed chipper. The chips
were ground and the fraction passing a 40-mesh was
collected for chemical analysis. The main chemical
composition is: wax (4.2%), glucose (44.5%), xylose

twice under the same conditions. The yields are given
as the average of the replicates, on a dry-weight basis.
Triploid Populus tomentosa Carr.
Extracted with toluene-ethanol mixture (2∶1 V/V) for
6 h in a Soxhlet extractor
Dewaxed wood powder
Organosolv fractionation by ethanol/H2O solution
(70/30, V/V) without and with 1% (W/W) formic acid,
triethylamine and sodium hydroxide, and by methanol/
H2O, n-propanol/H2O, and n-butanol/H2O with 1%
(W/W) sodium hydroxide as catalyst at 80℃ for 5 h,
and then filtrated to separate the solid residues.

(19.8%), arabinose (3.6%), Klason lignin (21.4%), and
ash (5.1%). The standard deviation was less than 5%.
All the other reagents and chemicals are analytical
grade unless otherwise stated.
2.2

Organosolv fractionation

Prior to organosolv fractionation, the poplar powder

Cellulosic residues

Filtrate
Adjusted to pH value 5~6 with concentrated
HCl or 2 mol/L NaOH and concentrated at
reduced pressure, and then precipitated
in 3 volumes of 95% ethanol.

Hemicellulosic fractions

Scheme 1 Organosolv fractionation of the hemicellulosic
fractions from poplar

was first dewaxed with a toluene-ethanol mixture (2∶1,
V/V) in a Soxhlet extractor for 6 h. The extractive-

2.3 Wet-chemical analysis

free sample (10.0 g) was then treated with a 70%

The monosaccharide components in the hemicellulosic

aqueous alcohol solution with or without catalyst, and

fractions were obtained by hydrolyzing 5 mg samples

the hemicellulosic fractionations were precipitated in

with 6% H 2 SO 4 for 2.5 h at 105℃ [27-28] . After the

ethanol after being neutralized with HCl/NaOH, as

hydrolysis, the samples were diluted 50-fold, filtered,

described in Scheme 1. In detail, four kinds of aqueous
alcohol solvents i.e., methanol, ethanol, n-propanol,

and injected into the HPAEC system (Dionex ICS3000,

and n-butanol, all at 70% (V/V), and three catalysts i.e.,

exchange Carbopac PA-1 column (4×250 mm). The

sodium hydroxide, triethylamine, and formic acid, all

neutral sugars were separated in 18 mmol/L NaOH

with a fixed concentration of 1% (W/V), were employed

(carbonate-free and purged with nitrogen) at a rate of

in the current study. The fractionation process was

0.5 mL/min. The run time was 45 min followed by a 10-

USA) with a pulsed amperometric detector and an ion-
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min elution with 0.2 mol/L NaOH to wash the column,

2.5 Thermal analysis

and then a 15-min elution with 18 mmol/L NaOH to

A Shimadzu (Japan) DTG-60 simultaneous

reequilibrate the column. Calibration was performed
with a standard solution of L-rhamnose, L-arabinose,
L-glucose, L-galactose, D-mannose, and D-xylose.
The composition of residual lignin associated
with hemicellulose was measured via a degradation
process with nitrobenzene oxidation under alkaline
conditions [29] . The separation of phenolics was
achieved with a HPLC system (1200 series, Agilent
Technologies, USA) on a ZORBAX Eclipse XDB-C18
column (4.6×250 mm). The identification of phenolic
acids and aldehydes was carried out by comparing
the retention times and UV spectra (DAD, diode
array detector) of the eluting peaks of the authentic
standard compounds (p-hydroxybenzoic acid, vanillic
acid, syringic acid, ferulic acid, p-coumaric acid,
p-hydroxybenzaldehyde, vanillin, syringaldehyde,
acetovanillone, and acetosyringone), which were
purchased from Sigma (Sigma-Aldrich Corp., St. Louis,
MO, USA). All analyses were run at least twice, and the
errors for the sugar and aromatic-compounds analysis
were less than 1% and 8%, respectively.
The measurement of the molecular weights of the
hemicellulosic fractions by a GPC system on a PL
Aquagel-OH mixed column (300×7.5 mm, Agilent)
was described in previous papers and was conducted
using a HPLC system equipped with a refractive index
detector (RID)[30]. The eluent was 0.02 mol/L NaCl in
5 mmol/L sodium phosphate buffer (pH value=7.5)
with a ﬂow rate of 0.1 mL/min. To calibrate the column
and calculate the molecular weight of hemicelluloses,
monodisperse polysaccharide of known molecular
weight was used as the standard.
2.4

thermogravimeric/differential thermal analysis (TGADTA) apparatus was employed for thermal stability
tests. This apparatus detects mass loss with a resolution
of 0.1 mg. To study the difference of heat and mass
transfer, the sample weight was maintained at ~5 mg.
Samples were heated up to 600℃ at a constant heating
rate of 10℃/min, and purified nitrogen (99.9995%)
was used as the carrier gas to provide an inert
atmosphere for pyrolysis and to remove the gaseous
and condensable products, minimizing any secondary
vapor-phase interactions. The thermal decomposition
temperature was taken at the onset of significant weight
loss (0.5%) after the initial moisture loss.

3
3.1

Results and discussion
Fractional yield and characteristics

The effectiveness of organosolv process is based on
its ability to progressively break down and modify the
lignin macromolecule until the resulting molecular
fragments become small enough to be dissolved in the
aqueous liquor. Based on the concept of biorefinery,
optimal pretreatment conditions are defined to ensure
efficient hydrolysis of the water-soluble cellulose
stream with an acceptable recovery of the total
carbohydrates, mainly hemicelluloses. As can be seen,
the ethanol organosolv process without any catalysts
yielded only 1.7% hemicellulose, containing 70.9%
xylose and 22.5% glucose as the main sugars (Table
1). Under acidic conditions, although the yield of
hemicellulose slightly increased to 3.7%, the content
of glucose significantly increased to 37.3% and that of
xylose correspondingly decreased to 51.2%. Clearly,

FT-IR analysis

the partial degradation of amorphous cellulose occurred

FT-IR spectra of the hemicellulosic preparations were

under acidic conditions and the dissolved glucose

recorded using an FT-IR spectrophotometer (Tensor

oligosaccharide was precipitated and fractionated. The

27, Bruker, Germany) using a KBr disc containing

alkaline condition with the organic base TEA did not

1% finely ground samples. The FT-IR absorption was

efficiently improve the separation of hemicelluloses as

-1

measured within the range of 400~4000 cm with an
-1

accumulation of 32 scans and a resolution of 2 cm .
10
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only a 1.1% yield was obtained. The relative content
of xylose was notably low, almost equal to that of
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the P E+Acid sample. This can probably be ascribed
to the fact that the hemicellulosic fraction obtained

PE+Acid

PE+TEA

PE+NaOH

(a)

from TEA extraction had a multi-branched structural
system on the backbone chain. In comparison, the use
of an inorganic basic catalyst was more efficient to
fractionate hemicelluloses. As shown, 5.8%~19.0%
hemicelluloses were isolated under such conditions;
the fraction gradually increased with the length of the
alkyl chain in different alcohols. The fractionation of
hemicelluloses involves the partial degradation of the
hemicellulose biomacromolecule and the dissolution
of the degraded fragments; hence, the type of alcohol

1×104

1×105
Molar weight/D

PM+NaOH

1×106

(b)

PB+NaOH

has a critical impact on the fractionation efficiency.
This is probably due to steric hindrance i.e., an alkaline
alcohol solution with a longer alkyl chain is more
beneficial for the process of releasing the hemicellulosic

PP+NaOH

biomacromolecule from the lignocellulosic matrix by
partially cleaving the ether bonds in the LCC.
Once the influence of pretreatment conditions on
the recovery and sugar composition of the carbohydrate

1×104

1×105
Molar weight/D

polymers was tested, the molecular weight distribution
of the hemicellulosic samples was investigated.
Fig.1 presents the GPC curves of the hemicellulosic
samples, and the data given in Table 1 show the
weight-average, number-average molecular weight
(M w and M n, respectively), and polydispersity (Mw/
Mn) values as a function of the organosolv conditions.

1×106

Fig.1 Molecular weight distribution curves of selected
hemicellulosic samples: (a) The hemicellulosic samples PE+Acid,
PE+TEA, and PE+NaOH; (b) The hemicellulosic samples PP+NaOH,
PM+NaOH, and PB+NaOH

solvents (Fig.1(a)). The pure ethanol aqueous solution

The polydispersity of obtained hemicellulosic fractions

only extracted the hydrophilic part of hemicelluloses
with low molecular weight. The M w and M n values

was obviously affected by the acid-base property of the

of the P E sample were determined to be 24300 and

Table 1

Yield and monosaccharide composition of the isolated polysaccharides
Monosaccharide compositionc (relative weight)/%

b

Samplea

a

Yield

Molecular weight

/%

Rhamnose

Arabinose

Galactose

Glucose

Xylose

Mw

Mn

Mw/Mn

PE

1.7

0.7

2.7

3.2

22.5

70.9

24300

9000

2.7

PE+Acid

3.7

1.1

2.5

7.8

37.3

51.2

82700

25100

3.3

PE+TEA

1.1

1.7

4.7

6.3

35.0

52.3

256300

27900

9.2

PE+NaOH

7.7

0.8

3.6

7.3

16.3

72.1

110400

31400

3.5

PM+NaOH

5.8

1.8

4.0

9.1

19.8

65.4

59100

28600

2.1

PP+NaOH

14.1

1.0

1.4

4.1

13.1

80.3

138000

23700

5.8

PB+NaOH

19.0

0.3

0.7

1.7

15.8

81.4

172600

47600

3.6

PE, PE+Acid, PE+TEA, and PE+NaOH represent the isolated polysaccharides after the ethanol organosolv fractionation without or with 1% (w/w) formic acid,

triethylamine and sodium hydroxide. Meanwhile, PM+NaOH, PP+NaOH, and PB+NaOH represent the isolated polysaccharides obtained from the alcohol organosolv
fractionation (M=methanol, P=n-propanol, and B=n-butanol, respectively) with the same amount of sodium hydroxide (1%, w/w).
b

The data were based on dry weight of the starting material as the average of the replicates.

c

The standard deviation is less than 3%.
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9000, respectively. The core biomacromolecule of

alkyl chains could probably contribute to cleaving

hemicelluloses could be easily hydrolyzed under

the ether bonds in the LCC, leading to an increased

acidic conditions and then fractionated, resulting in the
enhanced yield and Mw value. When TEA was used as a

efficiency for hemicellulose fractionation. The core of

catalyst, the degradation of hemicelluloses was limited
and the Mw value correspondingly increased, although

then dissolved in the alkaline solvent, and the values
of the Mw accordingly increased; in addition, there is a

the fractionation efficiency was still low. In comparison,

clear shift of the molecular weight distribution to higher

the inorganic base catalyst is suitable for hemicellulose

values.

the hemicellulosic biomacromolecule was released and

The presence of associated lignin with the

isolation with its original biomacromolecular structure.
It is surprising to notice that the Mw value of the PE+TEA

fractionated hemicelluloses is likely due to the LCC,

sample (256300) was much higher than that of the

which is linked via ether and ester bonds. Alkaline

P E+NaOH sample (110400), but the main peak of the

nitrobenzene oxidation provides an estimate of

distribution curve was in the relatively low molecularweight region. The explanation is that the M w value

the total amount of lignin and an indication of the

of P E+TEA was probably overestimated because of
the minimum presence of the “tail” of the curve for

two major products were identified i.e., syringic acid

composition of the phenolic units[30]. As the data show,
and vanillin, which both represented 62.9%~87.5%

6

values higher than 1×10 and the resulting high
polydispersity (9.2). This data also further confirmed

of the total phenolic monomers (Table 2). Small
amounts of p-hydroxybezonic acid, vanillic acid,

the result from the chemical analysis that the PE+TEA

and syringaldehyde as well as traces of the oxidation

product was a highly-branched hemicellulosic

products, acetovanillone and acetosyringone, were also

polymer. In terms of different alcohols, the trend of
the Mw variation was found to be similar to that of the

found to be present in the obtained mixtures. Overall,

yields i.e., it increases with the alkyl chain length in

could break the LCC links and decrease the content

alcohols. As discussed above, an alcohol with longer

of associated lignin as well as improve the purity of

Table 2

Compositional analysis of alkaline nitrobenzene oxidation products from the associated lignin
in the isolated hemicelluloses

Contenta

a

the addition of catalysts, whether acidic or basic,

Isolated polysaccharidesb
PE

PE+Acid

PE+TEA

PE+NaOH

PM+NaOH

PP+NaOH

PB+NaOH

Vanillic acid

0.5

NDc

0.4

0.2

0.4

0.1

0.1

Vanillin

3.3

0.9

2.1

1.2

1.4

0.5

0.8

d

Acetovaillone

0.1

ND

Tr

0.1

0.1

Tr

Tr

Syringic acid

1.7

0.5

1.1

0.6

0.8

0.3

0.4

Syringaldehyde

0.2

0.1

0.2

0.2

0.3

0.1

0.1

Acetosyringone

0.1

ND

ND

ND

ND

ND

ND

p-hydrozybezonic acid

0.6

0.1

0.3

0.2

0.5

ND

0.1

p-hydroxybenzaldehyde

ND

ND

ND

ND

ND

ND

ND

Total

6.5

1.6

4.1

2.5

3.5

1

1.5

S/Ge

1.99

1.85

1.48

1.98

1.73

2.11

2.01

Values are wt% in oven-dried samples, and the standard deviations are less than 3%;

b

Corresponding to the cellulosic fractions in Table 1;

c

ND= Not detectable;

d

Tr=Trace;

e

S represents the total moles of syringaldehyde, syringic acid, and acetosyringone; and G represents the total moles of vanillin, vanillic acid, and

acetovaillone.
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the hemicellulosic fraction. Meanwhile, the S/G ratio

(asymmetric) in lignin, suggesting that small amounts of

was maintained in the range of 1.48 to 2.11, indicating

lignin are associated with the hemicellulosic fractions.

that the sub-structure of the associated lignin was not

The low intensities of the bands at 1372, 1325, 1269,

significantly inﬂuenced under such mild conditions.

and 1232 cm-1 indicate the methyl C—H wagging and

3.2

—OH, —CH2, and C—H bending, respectively. The

FT-IR analysis

FT-IR spectroscopy has been used to identify
polysaccharides, check their purity, determine their
structure, and investigate complexing and intermolecular interactions[31]. All spectra shown in Fig.2
are typical results for hemicellulosic carbohydrates. No
significant differences in the main absorption intensities
could be observed among all spectra. The O—H
stretching vibrations are observed at 3000~3200 cm-1
and the peak at 2921 cm-1 is due to the methyl and

similarities in the polysaccharide fingerprint region
(900~1200 cm-1) of all samples indicated similar sugar
types and biomolecular structures in all hemicellulosic
fractions. Under detailed examination, the main
difference was the disappearance of the ester band at
1740 cm-1 in all catalytically extracted hemicellulosic
fractions, undoubtedly resulting from the saponification
reaction of acetyl groups and methyl esters under acidic
and alkaline conditions.

methylene C—H stretching vibrations. The band at

3.3 Thermal stability

1458 cm -1 is complex, having a contribution from

Pyrolysis, which is basically a polymeric structure-

—CH2 bending in xylan as well as —CH3 deformation

cracking process, converts the lignocellulosic material
into a volatile fraction and char. The knowledge
of thermal degradation is crucial to understand the

PE+NaOH
PE+TEA

1269

application of this study, the thermal stability is closely
related to the structural characteristics and aggregation
status of polymers, and thereby, was measured to
of various saccharides with a random and amorphous

0

(a)

80

00

1369

12

00

1372

16

00
36
00
32
00
28
00

PE

correlation has been established to the specific

provide further information. Hemicellulose consists

2921 1740

40

PE+Acid

1232

polymeric thermal stability [32] . Although no clear

structure, the branches are very easy to be removed
from the main stem and then degraded to volatile
constituents at low temperatures [33] . During the
of acetyl groups originally linked to the xylose unit,

PP+NaOH

furfural is formed by the dehydration of the xylose

PM+NaOH

unit, formic acid is formed from the carboxylic groups

PE+NaOH

of uronic acid, and methanol is formed from the

80
0

00
12

16

00

(b)

40
00
36
00
32
00
28
00

pyrolysis, acetic acid is formed during the elimination

PB+NaOH

Fig.2 FT-IR spectra of the isolated hemicellulosic fractions:
(a) The hemicellulosic samples PE, PE+Acid, PE+TEA, and PE+NaOH;
(b) The hemicellulosic samples PE+NaOH, PM+NaOH, PP+NaOH,
and PB+NaOH

methoxyl groups of uronic acid[34]. Clearly, the TGA
data displayed in Fig.3 indicated that the selected
hemicellulosic samples started to decompose at about
180℃, 205℃, and 240℃ for P E, PE+Acid and PE+NaOH,
respectively, reflecting the quantitative determination
of the degradation behavior. However, it is surprising to
note that the weight of the pyrolysis residue for PE+NaOH
Vol.4, No.1, 2019
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is much lower than that of the residue for the other

4

two samples. A probable explanation could be that a

The hemicellulosic fractions were isolated via

complete pyrolysis was more easily achieved for the
hemicellulosic polymer with minimal branches which
has the highest M w value among the three samples
despite the high onset temperature.
The magnitude and location of peaks found in
the differential thermal analysis (DTA) curve also
provide information on the thermal properties of the
polymer according to the temperature. According to
the literature [33], the pyrolysis of hemicelluloses is
exothermic, which is due to the charring process. The
obvious exothermic peaks were distinctly observed
in the DTA curves for all samples, and a slight shift
towards the high-temperature region was also observed
for PE+Acid and P E+NaOH (Fig.3), indicating increased
thermal stability. The peak at about 280℃ is attributed
to the cracking and abscission of C—C and C—O bonds
connected with the main branch of hemicelluloses,
which is due to its high reactivity. Thereby, it is
reasonable to observe that for the hemicellulosic
fraction with the highest molecular weight (PE+NaOH),

TGA/%

this peak appeared at the highest temperature.
100
90
80
70
60
50
40
30
20
10

300
250
200
150
100
50
0
-50
-100

PE
PE+Acid
PE+NaOH

Conclusions

organosolv pretreatment based on a biorefinery process.
The hemicelluloses fractions were rich in xylose,
principally resulting from 4-O-methyl-D-xylans, and the
acidic catalyst decreased the purity of hemicelluloses
by partial degradation of cellulose. Although the core of
hemicellulosic biomacromolecule could be maintained
and isolated under alkaline conditions, the use of
alcohol with longer alkyl chains was beneficial for the
fractionation efficiency because of the partial cleavage
of the ether bonds in the lignin-carbohydrate complex
(LCC). The main difference observed in FT-IR spectra
was the disappearance of the ester group, which was
ascribed to the saponification reaction of acetyl groups
and methyl esters under all catalytic conditions. Mild
organosolv pretreatment with alkaline catalysts is an
effective strategy for the valorization of poplar, and the
basic understanding of the fractionated hemicellulose
hopefully provides new opportunities for future
applications.

Acknowledgments
This work was financially supported by the
F un d amen tal R es earch Fu nd s f or th e C en tr al
Universities (2017TP13), the National Key R&D
Program of China (2016YFD0600803), 2018 National
Student Research Training Program (201710022033)
and the Innovation Program of College of Materials
Science and Technology. This paper was also supported

100

300
400
200
Temperature/℃

500

600
PE
PE+Acid
PE+NaOH

by the 2017 the international Clean Energy Talent
program (No.201702660054). The authors also thank
the colleagues for their valuable suggestions during the
course of this work.

References
[1]

100

200
300
400
Temperature/℃

500

600

Fig.3

TGA/DTA curves of the selected hemicellulosic samples
(PE, PE+Acid, and PE+NaOH)

14

Vol.4, No.1, 2019

Sultana A, Kumar A. Optimal configuration and
combination of multiple lignocellulosic biomass feedstocks
delivery to a biorefinery[J]. Bioresource Technology, 2011,
102(21): 9947-9956.
[2] Smit A, Huijgen W. Effective fractionation of lignocellulose
in herbaceous biomass and hardwood using a mild acetone
organosolv process[J]. Green Chemistry, 2017, 19(22):

PBM·Biorefinery

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

5505-5514.
Lynd L R, Laser M S, Bransby D, et al. How biotech can
transform biofuels[J]. Nature Biotechnology, 2008, 26(2):
169-172.
Longati A, Lino A R A, Giordano R C, et al. Defining
research & development process targets through retrotechnoeconomic analysis: the sugarcane biorefinery case[J].
Bioresource Technology, 2018, 263: 1-9.
Hassan S S, Williams G A, Jaiswal A K. Emerging
technologies for the pretreatment of lignocellulosic
biomass[J]. Bioresource Technology, 2018, 262: 310-318.
Willfor S, Sundberg A, Pranovich A, et al. Polysacharides
in some industrially important hardwood species[J]. Wood
Science and Technology, 2005, 39(8): 601-617.
Gnansounou E, Dauriat A. Techno-economic analysis
of lignocellulosic ethanol: a review[J]. Bioresource
Technology, 2010, 101(13): 4980-4991.
Cao Z, Dierks M, Clough M T, et al. A convergent approach
for a deep converting lignin-first biorefinery rendering highenergy-density drop-in fuels[J]. Joule, 2018, 2: 1118-1133.
Thomsen M H, Thygesen A, Thomsen A B. Hydrothermal
treatment of wheat straw at pilot plant scale using a
threestep reactor system aiming at high hemicellulose
recovery, high cellulose digestibility and low lignin
hydrolysis[J]. Bioresource Technology, 2008, 99(10): 42214228.
Santos T M, Alonso M V, Oliet M, et al. Effect of
autohydrolysis on Pinus radiata wood for hemicellulose
extraction[J]. Carbohydrate Polymers, 2018, 194: 285293.
Alvarez-Vasco C, Guo M, Zhang X. Dilute acid
pretreatment of Douglas fir forest residues: pretreatment
yield, hemicellulose degradation, and enzymatic
hydrolysability[J]. Bioenergy Research, 2015, 8(1): 42-52.
Goldmann W M, Ahola J, Mikola M, et al. Formic acid
aided hot water extraction of hemicellulose from European
silver birch (Betula pendula) sawdust[J]. Bioresource
Technology, 2017, 232: 176-182.
Wei L, Yan T, Wu Y, et al. Optimization of alkaline
extraction of hemicellulose from sweet sorghum bagasse
and its direct application for the production of acidic
xylooligosaccharides by Bacillus subtilis strain MR44[J].
PLoS ONE, 2018, DOI: 10.1371/journcl.pone.0195616.
Shahabazuddin M, Chandra T S, Meena S, et al. Thermal
assisted alkaline pretreatment of rice husk for enhanced
biomass deconstruction and enzymatic saccharification:
physico-chemical and structural characterization[J].
Bioresource Technology, 2018, 263: 199-202.
Martin-Sampedro R, Eugenio M E, Moreno J A, et al.
Integration of a kraft pulping mill into a forest biorefinery:
Pre-extraction of hemicellulose by steam explosion versus

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

steam treatment[J]. Bioresource Technology, 2014, 153:
236-244.
Minjares-Fuentes R, Femenia A, Garau M C, et al.
Ultrasound-assisted extraction of hemicelluloses from
grape pomace using response surface methodology[J].
Carbohydrate Polymers, 2016, 138: 180-191.
Egues I, Sanchez C, Mondragon I, et al. Separation and
purification of hemicellulose by ultrafiltration[J]. Industrial
& Engineering Chemistry Research, 2012, 51(1): 523-530.
Singh S C, Murthy Z V P. Hemicelluloses separation from
caustic-containing process stream by ultrafiltration[J].
Separation Science and Technology, 2017, 14: 2252-2261.
Cateto C, Hu G, Ragauskas A. Enzymatic hydrolysis
of organosolv Kanlow switchgrass and its impact on
cellulose crystallinity and degree of polymerization[J].
Energy & Environmental Science, 2011, 4(4): 1516-1521.
Huijgen W J, Smit A T, Reith J H, et al. Catalytic
organosolv fractionation of willow wood and wheat straw
as pretreatment for enzymatic cellulose hydrolysis[J].
Journal of Chemical Technology and Biotechnology, 2011,
86(11): 1428-1438.
Mesa L, Lopez N, Cara C, et al. Techno-economic
evaluation of strategies based on two steps organosolv
pretreatment and enzymatic hydrolysis of sugarcane
bagasse for ethanol production[J]. Renewable Energy,
2016, 86: 270-279.
Zhu Z T, Zhang Z Y. The status and advances of genetic
improvement of Populus tomentosa Carr.[J]. Journal of
Beijing Forestry University, 1997, 6: 1-7.
Wang K, Yang H Y, Xu F, et al. Structural comparison
and enhanced enzymatic hydrolysis of the cellulosic
preparation from Populus tomentosa Carr., by different
cellulose-soluble solvent systems[J]. Bioresource
Technology, 2011, 102(6): 4524-4529.
Wang K, Yang H Y, Yao X, et al. Structural transformation
of hemicelluloses and lignin from triploid poplar
during acid-pretreatment based biorefinery process[J].
Bioresource Technology, 2012, 116: 99-106.
Gilarranz M A, Rodriguez F, Oliet M. Lignin behavior
during the autocatalyzed methanol pulping of
eucalyptus globulus changes in molecular weight and
functionality[J]. Holzforschung, 2000, 54(4): 373-380.
Wang K, Yang H Y, Guo S H, et al. Comparative
characterization of degraded lignin polymer from the
organosolv fractionation process with various catalysts
and alcohols[J]. Journal of Applied Polymer and Science,
2013, 131(1): 1-15.
Wang K, Jiang J X, Xu F, et al. Influence of steaming
explosion time on the physic-chemical properties of
cellulose from Lespedeza stalks (Lespedeza crytobotrya)
[J]. Bioresource Technology, 2009, 100(21): 5288-5294.
Vol.4, No.1, 2019

15

PBM·Biorefinery
[28]

Sluiter A, Hames B, Ruiz R, et al. Determination of
structural carbohydrates and lignin in biomass[S/
OL]. National Renewable Energy Laboratory
(NREL) Laboratory Analytical Procedures (LAP) for
Standard Biomass Analysis. https://wenku.baidu.com/
view/5f23c8c904a1b0717ed5dd02.html.
[29] Wang K, Jiang J X, Xu F, et al. Effects of incubation time
on the fractionation and characterization of lignin during
steam explosion pretreatment[J]. Industrial & Engineering
Chemistry Research, 2012, 51: 2704-2713.
[30] Wang K, Xu F, Sun R C, et al. Influence of incubation
time on the physicochemical properties of the isolated
hemicelluloses from steam-exploded lespedeza stalks[J].
Industrial & Engineering Chemistry Research, 2010,
49(18): 8797-8804.

16

Vol.4, No.1, 2019

[31] Chen L M, Wilson R H, McCann M C. Investigation
of macromolecule orientation in dry and hydrated
walls of single onion epidermal cells by FT-IR
microspectroscopy[J]. Journal of Molecular Structure,
1997, 408-409: 257-260.
[32] Sun R C, Fang J M, Rowlands P, et al. Physicochemical
and thermal characterization of wheat straw hemicelluloses
and cellulose[J]. Journal of Agricultural and Food
Chemistry, 1998, 46(7): 2804-2809.
[33] Yang H P, Yan R, Chen H P, et al. Characteristics of
hemicellulose, cellulose and lignin pyrolysis[J]. Fuel,
2007, 86(12): 1781-1788.
[34] Demirbas A, Gullu D. Acetic acid, methanol and acetone
from lignocellulosics by pyrolysis[J]. Energy Education
Science and Technology, 1998, 2: 111-115. PBM

