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The process of cellulose and lignin extraction from Vietnam’s rice straw without paraffin pretreatment was proposed to improve
economic efficiency and reduce environmental pollution. Treatment of the rice straw with ultrasonic irradiation for 30 min
increased yields of lignin separation from 72.8% to 84.7%. In addition, the extraction time was reduced from 2.5h to 1.5h when
combined with ultrasonic irradiation for the same extraction yields. Results from modern analytical methods of FT-IR, SEM,
EDX, TG-DTA, and GC-MS indicated that lignin obtained by ultrasound-assisted alkaline treatment method had a high purity
and showed a higher molecular weight than that of lignin extracted from rice straw without ultrasonic irradiation. The lignin and
cellulose which were extracted from rice straw showed higher thermal stability with 5% degradation at a temperature of over 230°C.
The ultrasonic-assisted alkaline extraction method was recommended for lignin and cellulose extraction from Vietnam’s rice straw.

1. Introduction

As the world’s most abundant renewable resource, lignocel-
lulosic biomass has been acknowledged for potential use to
produce chemicals and biomaterials. Lignocellulose is a low
cost biomass that is abundantly available. Its main con-
stituents are cellulose, hemicellulose, and lignin.

Cellulose is mainly used to produce paperboard and
paper. Smaller quantities are converted into a wide variety of
derivative products such as cellophane and rayon [1, 2]. Con-
version of cellulose from energy crops into biofuels such as
cellulosic ethanol is under investigation as an alternative fuel
source [3-5]. Another growing application of cellulose is in
composite materials as reinforcement in polymeric materials
(6, 7].

Lignin, making up 10-25% of lignocellulosic biomass,
depending on the kind of plant, is the second most abundant
natural polymer [8]. The areas in which lignin is applicable
include emulsifiers, dyes, synthetic floorings, sequestering,

binding, thermosets, dispersal agents, paints, and fuels for
treatments of roadways [9-12].

The main methods of the extraction of lignin and
cellulose from different sources historically explored are
hydrothermal, acidic, alkaline, wet oxidation, ammonia fiber
explosion, organosolv, and, most recently, ionic liquid pre-
treatment methods (which were reviewed elsewhere) [13—
15]. These extraction methods are expensive and energy
intensive and utilize chemicals which require special disposal,
handling, or production methods. In addition, materials for
cellulose and lignin extraction are limited to straw of all
kinds and timber for the limitation of technology. Extraction
methods are only applied in laboratory, which seldom works
in industrial production. How to break technology barrier is
the key for cellulose and lignin extraction on big scale. There-
fore new technologies must provide methods with incon-
siderable environmental and economic impacts and high
efficiency [16].

Nowadays, ultrasound-assisted extraction is evaluated
as a simpler and more effective alternative to conventional
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ScHEME 1: Ultrasound-assisted extraction method of lignin and cellulose.

extraction methods for the extraction of lignin and cellu-
lose from natural products [17, 18]. Ultrasonication induces
localized high temperature and pressure and results in the
production of highly reactive free radicals, such as OH™, HY,
and H,0,, thus enhancing chemical reactions. The sonome-
chanical effect of ultrasound enhances the penetration of the
solvent and heat into cellular materials and thus improves
the mass transfer; thus it also requires significant additional
energy input. Ultrasound for pretreatment of lignocellulose
was examined in conjunction with other methods [19, 20].
But up to now, no research has combined ultrasound, alka-
linity, and temperature to separate cellulose and lignin.
Vietnam is an agricultural country, producing about 45
million tons of grains annually; thus 54 million tons of rice
straw is produced. However, most of the rice straw is burned
on the open fields, causing serious environmental pollution.
Therefore, the conversion of rice straw into valuable materials
is essential. This paper gives an overview on investigation of
the extraction method of lignin and cellulose from Vietnam’s

rice straw using the combination of ultrasound irradiation
and chemical method under high temperature and alkaline
concentration to reduce extraction time. The properties of
obtained lignin and cellulose were also evaluated.

2. Experimental Section

2.1. Materials and Chemicals. Rice straw was provided by
farmers in Tien Kien Commune, Lam Thao District, Phu Tho
Province, Vietnam. The chemical agents (NaOH, HCI, and
ethanol) were purchased from Merck Chemicals (Shanghai)
Co., Ltd. All of the chemicals were reagent grade or higher in
purity and were used on receipt without further purification.

2.2. Ultrasound-Assisted Alkaline Extraction Method of Lignin
and Cellulose. The alkaline and ultrasound-assisted alkaline
extraction of lignin and cellulose are shown in Scheme 1. The
rice straw was first extracted with the ultrasound irradiation
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TaBLE 1: Elemental composition in inner layer and outer layer of the rice straw.
Content, %
Sample
C (0] Mg Al Si Cl K Ca
Outer surface 36.88 +1.195 46.52+0.849 0.16+0.014 022+0.021 13.92+0.537 0.715+0.092 143 +0.106 0.17 +0.035

Inner surface 44.75+0.919 4599 +2.666 0.60+0.092 0.09+0.077 4.78 +1.259 0.65+0.014 2.67+0.608 0.28 +£0.007
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FIGURE 1: EDX spectra of (a) inner and (b) outer surface of Vietnam’s rice straw.

by the Sonic system SOMERSET (England, 20 kHz) provided
with a horn with ultimate power of 500 W and sonication
time of 0, 10, 20, 30, and 40 min in 2M NaOH aqueous
solution at 90°C. Then, the mixture was continuously stirred
at 90°C for a total period of 1.5 h. After that, the mixture was
washed with 0.1M NaOH to remove the remaining lignin
on the cellulose surface. After the filtration on a nylon cloth,
the residue rich in cellulose was further washed with distilled
water and dried at 50°C for 24 hours. The hemicellulose was
isolated from hydrolysates by precipitation of the acidified
hydrolysate (pH was adjusted to 5.5 with HCI solution) with
three volumes of 95% ethanol for 6 h. The pellets rich in the
hemicellulose were filtered, washed with 70% ethanol, and
air-dried. After the evaporation of ethanol, the alkali soluble
lignin was obtained by precipitation at pH 1.5 adjusted by
HCI. The solid rich in lignin was then washed with acidified
solution pH 2.0 and freeze-dried. Yield of cellulose and lignin
fractions is given on a dry weight basis related to the rice
straw.

2.3. Physicochemical and Thermal Analysis of Cellulose and
Lignin. The surface morphology and element contents of
the straw were analyzed on a scanning electron microscope
(SEM/EDX, JEOL JMS 6490, JEOL, Japan). The thermal
stability of lignin and cellulose was determined on a ther-
mal analyzer (TG-DTA: EXSTRARG6100, Seiko Instruments,
Japan). Fiber size of cellulose was determined by scanning
electron microscope (SEM: JEOL, Japan); surface tension of
lignin was determined on the CAM 200 (KSV Instructions,
Finland). The content of neutral sugar contained in lignin
was determined by gas spectrometry (GC-MS: Clarus 500,

Perkin-Elmer, USA). The lignin content was determined by
gel permeation chromatography (GPC: HLC8120, TOSOH,
Japan) with polystyrene standards.

3. Results and Discussion

3.1. Rice Straw Composition. Many recent studies have
focused on the general composition in a straw thread.
According to Saha and Cotta, the elemental composition of
wheat straw was as follows: C, 44%; O, 49%; H, 5%; N, 0.92%;
and other components with small content [21]. In this study,
obtained results from the analysis showed that the rice straw
that contains the content of the inner and outer layers was
different (Figure 1 and Table 1).

It can be seen from Figure 1 and Table 1 that the contents
of O and ClI in two surfaces are not so different and the
contents of elements C, Mg, and Ca of inner surface are
larger than those of outer surface but, however, the contents of
other elements of outer surface are higher than those of inner
surface, especially Si.

The contents of lignin and cellulose in the rice straw of
this study are 19.02 and 39.2%, respectively.

3.2. Yield, Purity, and Molecular Properties. There are many
research papers that show the separation process of cellu-
lose and lignin from wheat straw using a solvent mixture
of toluene/ethanol to remove paraffin (pretreated) before
extraction. We have compared the pretreated and non-
pretreated methods before the alkaline treatment, but the
yield extraction and lignin or cellulose properties were not



TABLE 2: The yield of lignin obtained by alkaline and ultrasonic-
assisted alkaline extraction of rice straw with 2 M NaOH at 90°C for
1.5h.

Ultrasonic time, min
Yields, % 0 10 20 30 40
Lignin 72.8 72.9 78.6 84.7 84.9

different. Therefore, we propose the process of cellulose and
lignin separation from rice straw without paraffin pretreat-
ment to improve economic efficiency, reduce environmental
pollution, and develop potential industrial applications.

Straws are poorly digested by ruminants because of
their high cell-wall content. Alkaline treatment disrupts the
cell wall by dissolving hemicellulose, lignin, and silica, by
hydrolysing uronic and acetic acid esters, and by swelling
cellulose [22]. Furthermore, the alkaline solution breaks a-
ether bonds between lignin and hemicellulose and ester
bonds between lignin and hydroxycinnamic acids such as p-
coumaric acid and ferulic acid [23]. More importantly, alka-
line treatment is a promising approach that does not affect
the environment. Through this process, lignocellulose can be
broken down into lignin, hemicellulose, and cellulose, which
are materials for valuable products. Sun and Tomkinson have
published a process of lignin separation from wheat straw
with 0.5 M KOH at 35°C for 2.5 h, but the yield was only 43.9%
[24]. Xiaoa and coworkers have announced the separation
of lignin from straw with 1M NaOH solution at 30°C. The
yield was only 68.3% for long period of 18 hours [25]. In
this study, the alkaline solution with high concentration
2M NaOH, high temperature 90°C, and the ultrasound
irradiation were used to increase lignin separation efficiency
and reduce separation time. Separation yields of lignin were
summarized in Table 2. As expected, treatment of the rice
straw with 2 M NaOH without ultrasound irradiation at 90°C
for 1.5h and with ultrasonic irradiation for 10, 20, 30, and
40 min increased yields of separation of lignin (72.8%, 72.9%,
78.6%, 84.7%, and 84.9%, resp.).

It can be seen from Table 2 that there are not much dif-
ferences in extraction yields of lignin and cellulose between
ultrasound-assisted alkaline extractions for 0 min and 10 min
and 30 min and 40 min. This implied that ultrasonic irradi-
ation time is a main parameter affecting the lignin and cel-
lulose yields under the conditions used. Obviously, between
the irradiation times 10 and 30 min extraction yields of
lignin were increased from 72.9% to 84.7%, respectively.
Approximately all of the total lignin and cellulose in rice straw
were separated during the alkaline extraction at sonication
time of 30 min. Thus, the application of sonication for 30 min
resulted in raising the lignin yield by 12.3% in comparison
to the alkaline extraction procedure without ultrasound
assistance.

The higher efficiency of the ultrasound-assisted alkaline
extractions can be explained by the mechanical action of
ultrasound on the cell walls resulting in an increased acces-
sibility and extractability of the lignin and cellulose com-
ponent. The alkaline extractions with ultrasonic irradiation
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TaBLE 3: The molecular weight and the polydispersity of lignin
obtained at different ultrasonic times.

Ultrasonic time, min

0 10 20 30 40
M, 2560 2620 3210 3720 2990
M, 1350 1370 1550 1690 1520
M, /M, 1.89 1.91 2.07 2.20 1.97

under the conditions used have a greater effect on the cleavage
of the ether bonds between lignin and hemicelluloses from
the cell walls of rice straw than the alkaline treatment without
ultrasonic assistance. The major ether linkages, that is, 3-
O-4 bonds between lignin interunity linkages and «-O-4
ether linkages between lignin and hemicelluloses, can be
homolytically ruptured or cleaved to some extent by the
ultrasonic irradiation [26]. Mass spectrometry of lignin
obtained by ultrasonic irradiation for 30 min showed that the
concentrations of xylose, glucose, arabinose, and galactose
contained in lignin were 0.39, 0.15, 0.12, and 0.04%, respec-
tively. The results indicated that lignin had a high purity
and xylose was the major sugar component in lignin, while
galactose content was very small.

Some works have published the average molecular
weights (M,,) and the average number weight (M,,) of lignin
which was extracted from wheat straw, which ranged from
1000 to 23600 Da and from 700 to 5268 Da, respectively,
depending on the method and separation conditions [27].
The values of M,, M, and the polydispersity (M,,/M,) of
lignin in this study are given in Table 3.

As shown in Table 3, the lignin obtained by the ultrasound-
assisted alkaline extraction method for 10-30 min had a
slightly higher M, (from 2620 to 3720 Da) than that of the
lignin obtained by alkaline method without ultrasonic irradi-
ation (M,, = 2560 Da); the observed phenomenon indicated
an increase in solubilization of large molecular size lignins
under the ultrasonic conditions used. The reason for this
increase in M, is probably the condensation reaction
between the lignin structures under ultrasound irradiation
conditions given. In contrast, as the irradiation time was fur-
ther increased from 30 to 40 min, M,, decreased from 3720 to
2990 Da. The decrease in M,, is assigned to the cleavage of
the §-O-4 linkages between the lignin precursors under a
relatively longer sonication period.

Fiber size is one of the factors that affect the properties of
the cellulose material. The smaller the size of cellulose fibers
is, the better their mechanical properties will be. The size of
cellulose fiber extracted from rice straw by the ultrasound-
assisted alkaline extraction method is shown in Figure 2.
The rice straw is a dense block (Figures 2(a) and 2(b)), but
the bonds between lignin, hemicellulose, cellulose, and other
components have been separated after alkaline treatment at
90°C for 1.5 hours and ultrasonic irradiation for 30 min. The
result is that cellulose fiber has an average diameter of about
5 um with a relatively considerable roughness (Figure 2(c)).
This result again confirmed the removal of lignin, hemicellu-
lose, and other impurities from the cellulose fiber surface.
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FIGURE 2: SEM of rice straw: outer layer (a), inner layer (b), cellulose fiber extracted by the ultrasound-assisted alkaline extraction method

(c), and cellulose fiber extracted without ultrasound (d).

The FTIR spectra of the cellulose extracted by the
ultrasound-assisted extraction method are shown in Figure 3.
Results showed specific peaks of cellulose around 3300, 2900,
1400, and 900 cm ™. The signal at 902 cm™" showed the rock-
ing vibration of the -C-H band in cellulose, which is typical
of B-glycosidic linkage between glucose units. The peak at
1059 cm™" is assigned to -C-O- group of secondary alcohols
and ethers functions existing in the cellulose chain backbone.
The band at 1162 cm™" ascribed to the -C-O-C- stretch of the
B-1,4-glycosidic linkage is prominent for cellulose samples.
The peak at 1434 cm™" indicated the asymmetric bending of
the -CH, group. This showed the intermolecular hydrogen
attraction at the Cg group [28]. The peaks at 2901 and
1372 cm™" represented stretching and deformation vibrations
of C-H group in glucose unit. The broad absorption peak in
the range of 3000 to 3500 cm™" was assigned to the stretching
of the H-bonded -OH groups. As can be seen in Figure 3
where the FTIR spectra before and after ultrasonic treatment
were not much different, the ultrasonic vibration does not
affect the structure of cellulose.

3.3. Thermal Analysis. The thermal stability of lignin and cel-
lulose which were extracted from rice straw was determined
by TG-DTA on a simultaneous thermal analyzer (STA 625).
The apparatus was continually flushed with nitrogen. The

sample was heated from 30 to 800°C at a rate of 10°C-min ™.

Figure 4 illustrates the thermograms of lignin and cellulose
(Figure 4) obtained by 2M NaOH, at 90°C, for 1.5h, with
sonication time of 30 min. Results showed that lignin and
cellulose decreased about 4.3% and 4.8% by weight at 130°C,
respectively. This is the amount of water adsorbed by lignin
and cellulose, in other words, the moisture content of lignin
and cellulose. The 5% degradation of lignin and cellulose
was shown at temperatures of 250°C and 230°C, respectively.
The relatively high thermal stability of lignin in this study
can be explained by the larger molecular weight. The current
results were in good agreement with the thermal stability
of lignin from wheat straw, in which the thermal stability
increased with the molecular weight [29]. The decomposition
temperature of lignin was higher than that of cellulose, which
may be due to the aromatic structure of lignin. However,
lignin had the decomposition temperature of 50% by weight
about 326°C, which was lower than cellulose (nearly 410°C).
Cyclic oxidation reactions occur at high temperature; the
decomposition products from cellulose have higher thermal
stability than that from lignin. The decomposition tempera-
ture of over 80% by weight of lignin and cellulose is above
500°C.

In addition, ultrasound could increase thermal stability of
lignin and cellulose. The decomposition temperature of cellu-
lose extracted by alkaline method without ultrasound is lower
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FIGURE 3: The FTIR spectrum of the cellulose extracted from rice straw without ultrasound (a) and using the ultrasound-assisted alkaline

extraction method (b).

than that extracted by ultrasound-assisted alkaline treatment
method (Figure 4). It can be seen that the decomposition
temperature of 50% by weight was only 320°C for cellulose
extracted by alkaline method without ultrasound.

4. Conclusion

The obtained results indicated that ultrasound irradiation in
alkaline medium with high concentration at high temper-
ature promoted the extraction of lignin and cellulose from

rice straw, and their yields increased with sonication time
from 10 to 30 min under the conditions used. Lignin obtained
by ultrasound-assisted alkaline extraction method showed
a higher molecular weight than that of lignin extracted
without ultrasonic irradiation and lignin had a high purity.
The ultrasound-assisted alkaline extraction method did not
cause significant changes in lignin and cellulose composition
and their structure, but ultrasound could increase thermal
stability of lignin and cellulose. This is of major importance
from the industrial point of view and makes the ultrasound-
assisted alkaline extraction process very advantageous.
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