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The value-added utilization of tobacco stalk lignin is the key to the development of tobacco
stalk resources. However, the serious heterogeneity is the bottleneck for making full use of
tobacco stalk lignin. Based on this, lignin was separated from tobacco stalk through
hydrothermal assisted dilute alkali pretreatment. Subsequently, the tobacco stalk alkaline
lignin was fractionated into five uniform lignin components by sequential solvent
fractionation. Advanced spectral technologies (FT-IR, NMR, and GPC) were used to
reveal the effects of hydrothermal assisted dilute alkali pretreatment and solvent
fractionation on the structural features of tobacco stalk lignin. The lignin fractions
extracted with n-butanol and ethanol had low molecular weight and high phenolic
hydroxyl content, thus exhibiting superior chemical reactivity and antioxidant capacity.
By contrast, the lignin fraction extracted with dioxane had high molecular weight and low
reactivity, nevertheless, the high residual carbon rate made it suitable as a precursor for
preparing carbon materials. In general, hydrothermal assisted dilute alkali pretreatment
was proved to be an efficient method to separate lignin from tobacco stalk, and the
application of sequential solvent fractionation to prepare lignin fractions with homogeneous
structural features has specific application prospect.
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INTRODUCTION

Lignin is generally considered to be a polymer formed by free radical coupling dehydrogenation of
three hydroxycinnamyl alcohols (p-coumaryl, coniferyl, and sinapyl alcohols), and it is the second
most renewable natural terrestrial polymer (Huang et al., 2008; Mahmood et al., 2016). However,
lignin is often defined as a by-product of the pulping and biorefinery industries due to its complex
structural (Wen et al., 2013b; Han et al., 2021a). The annual production of industrial lignin is up to 60
million tons, but it is often used for low-value thermal energy conversion, and the high value
utilization rate is less than 2% (Aro and Fatehi, 2017). In addition, lignin is gradually being regarded
as inferior raw material for obtaining heat energy due to its high carbon dioxide emissions during
combustion (Ogunkoya et al., 2015). Therefore, the inefficient use of lignin not only wastes valuable
resources, but also brings an inevitable burden to the natural environment.

The development of high-value commercial products with lignin as raw materials is the key to the
sustainable development of lignocellulosic resources, which has tremendous economic and
environmental benefits (Ma et al., 2021a; Han et al., 2021b). Lignin is the unique non-petroleum
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resource that can provide renewable aromatic compounds, and it
has various active functional groups such as hydroxyl, methoxy
and carboxyl groups (Lee et al., 2019). Therefore, lignin is
considered to be an excellent raw material to replace
petroleum-based polymers to commercial products. For
example, it has been used in dispersants (Xiao et al., 2021),
biofuels (Beauchet et al., 2012), adhesives (Ghaffar and Fan,
2014), flocculants (Wang et al., 2020a), phenolic resins (Lupoi
et al., 2015), composite film material (Wang et al., 2021b), carbon
fibers (Kadla et al., 2002), polyurethane foams (Cinelli et al.,
2013), hydrogels and many other fields (Wang et al., 2020b; Ma
et al., 2021b). However, most of the research on the preparation of
commercial products using lignin is still in the laboratory stage,
and a large-scale industrial breakthrough in lignin-based polymer
materials has not yet been achieved. The main reason is the
structure complexity and heterogeneity of industrial lignin, which
is affected by source, processing, extraction and post-treatments
(Gioia et al., 2018). The heterogeneity of lignin makes it difficult
to prepare the lignin-based product with stable performance.
Therefore, refining industrial lignin into components with
homogeneous structure and outstanding functional property is
essential for the commercial use of lignin.

In order to obtain more uniform industrial lignin, several
fractionation methods have been developed in recent years,
including membrane separation, pH acid precipitation, gel
permeation chromatography, and organic solvent fractionation
(Sadeghifar and Ragauskas, 2020). Among them, the
fractionation of lignin by membrane separation method
requires a large number of filtration membranes, causing high
separation cost (Toledano et al., 2010). The efficiency of lignin
fractionation by pH acid precipitation method is quite low.
Generally, the yield of lignin components is high at a certain
pH value, while the yields of lignin components were lower at
other pH values (Gigli and Crestini, 2020). The lignin
fractionation by gel permeation chromatography requires
complicated equipment and operations (Kirk et al., 1969).
Fortunately, sequential solvent fractionation of industrial
lignin has received more and more attention due to the
advantages of simple operation, low cost, solvent recovery, and
low energy consumption (Yuan et al., 2009). The procedure of
sequential solvent fractionation is based on the order from low to
high solubility of lignin, which mainly depends on the cohesive
energy and hydrogen-bonding capacity of the solvent (Schuerch,
1952). It can fractionate industrial lignin into more uniform
multiple components according to the structural characteristics
and physico-chemical properties, which is an attractive method
for the refining of lignin. Moreover, the structure of fractionated
lignin is fully interpreted through a variety of advanced
characterization techniques to establish a reliable relationship
between the lignin structure, lignin reactivity, and specific
functionalization requirements, which greatly promotes the
diversity and customization of industrial lignin utilization.

Tobacco is widely grown throughout the world, and the output of
tobacco stalk left after the leafage production is huge, which is often
discarded or used for low-value thermal energy conversion (Meng
et al., 2015). The recycling of agricultural waste tobacco stalks has
important environmental and economic benefits (Wang et al., 2020c;

Jiang et al., 2020). Among them, the high-value utilization of lignin is
the top priority. Recently, it was reported that hydrothermal-assisted
pretreatment is a good approach to prepare homogeneous
hemicelluloses or xylooligosaccharide (XOS) from different
lignocellulosic biomass (Ma et al., 2021b). In addition,
autohydrolysis can facilitate the subsequent delignification process
(Wen et al., 2013d; Chen et al., 2017). Based on these investigations,
we firstly separated and obtained lignin from tobacco stem by
hydrothermal assisted dilute alkali pretreatment. Subsequently, an
economical, easy-to-operate and commercially feasible sequential
solvent fractionation process was designed and implemented by
using cheap and easy-to-recover organic solvents, such as n-butanol,
ethanol, methanol, dioxane. The tobacco stalk lignin was successfully
separated into five lignin fractions with lower dispersion and more
uniform functional groups. Thereafter, the lignin was
comprehensively characterized by a variety of characterization
techniques, such as FT-IR, GPC, and 2D-HSQC and 31P NMR.
Furthermore, the antioxidant activity and thermostability of lignin
samples were also studied to provide a theoretical basis for their
customized high-value utilization.

MATERIALS AND METHODS

Materials
The tobacco stalk was provided by China Tobacco Hubei
Industrial Co., Ltd., Wuhan, China. Before use, tobacco stalk
was grinded into fine powders (60–80 mesh) and extracted using
the mixture of ethanol/toluene for 12 h in order to remove
extractives. The other reagents were purchased from Macklin
Biochemical Co., Ltd., China.

Isolation of Lignin
The lignin was isolated from tobacco stalk by combining
hydrothermal pre-treatment with alkali post-treatment. In
simple terms, tobacco stalk lignin and distilled water were
mixed at a solid-liquid ratio of 10 to 1, and then poured into
an autoclave for hydrothermal pre-treatment at 170°C for 30 min
in order to remove a portion of hemicellulose and improve the
subsequent delignification efficiency. The residue obtained from
the hydrothermal process was added to a 2% NaOH alkaline
solution at a solid-to-liquid ratio of 1–20 and reacted at 100°C for
3 h. Subsequently, the supernatant containing lignin was obtained
through filtration, and added to 6 times the volume of acid water
(pH � 2). The solid matter was recovered by filtration and washed
three times with acid water. Finally, tobacco stalk lignin was
obtained by freeze-drying the solid matter.

Sequential Solvent Fractionation
The tobacco stalk lignin was fractionated using organic solvents
with lignin dissolution capacity from low to high, which were
n-butanol, ethanol, methanol, and dioxane in turn, as shown in
Figure 1. First, 50 g tobacco stalk lignin and 500 ml n-butanol
were added to a 1,000 ml volumetric flask, and the mixture was
stirred at a uniform speed (100 rpm) for 3 h. Subsequently, the
solution obtained by filtration was evaporated under reduced
pressure and dried to obtain a lignin component soluble in
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n-butanol, which was noted as F1. The obtained residue was
fractionated using ethanol, methanol and dioxane in sequence
according to the above steps, and the obtained lignin fractions
were F2, F3, and F4, respectively. The resulting insoluble residue
was named F5.

Structural Characterization
The FT-IR spectra, NMR spectra (2D-HSQC, and 31P NMR
spectra), thermogravimetric analysis (TGA) of lignin samples
were recorded by Bruker Tensor II spectrometer, Bruker AVIII
(400 M), and NETZSCH TG 209 F1 Libra, respectively. The
detailed running program and analysis methods of NMR
spectra were adopted the procedures and description in the
previous literatures (Wang et al., 2017; Ma et al., 2021a). The
Mw, Mn, and PDI were measured using the Agilent 1200 GPC
system (Ma et al., 2020).

Thermogravimetric Analysis
The thermal decomposition behavior of lignin was recorded
using a thermal analyzer (NETZSCH TG 209 F1 Libra). The

tobacco stalk lignin was heated under N2 atmosphere with a
heating rate of 10°C/min from room temperature to 800°C.

Antioxidant Activity Analysis
The detailed operation steps refer to previous research (Pan et al.,
2006). The radical scavenging activity of 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) was recorded using UV-2450
spectrophotometer. Briefly, 0.18 ml of lignin solution
(0.01–3 g/L) in 90% aqueous dioxane was added into 0.72 ml
of a 25 mg/L DPPH methanol solution at room temperature for
16 min. The concentrations of DPPH radicals at 0 and 16 min
were monitored at 515 nm (λmax) using UV-2450
spectrophotometer.

RESULTS AND DISCUSSION

Yields and Molecular Weight Distributions
of Lignin Fractions
Regarding the sequential solvent fractionation, the ability of
solvent to dissolve lignin is the first consideration when
selecting solvents and arranging the extraction order, which is
affected by the hydrogen-bonding capacity and the cohesive
energy of the solvent. The solubility parameter of solvent can
be calculated from the square root of the cohesive energy density,
and the shift in wave length can be obtained according to the
hydrogen bonding ability (Li et al., 2012). Under the synergistic
assistance of solubility parameters with the shift in wave length,
coupled with preliminary experimental verification, four organic
solvents with increasing ability to dissolve lignin, namely
n-butanol, ethanol, methanol, and dioxane, were applied to the
sequential solvent fractionation of tobacco stalk lignin.

FIGURE 1 | Scheme for sequential organic solvent fractionation of tobacco stalk lignin.

FIGURE 2 | FTIR spectra of tobacco stalk lignin and fractionated lignins.

TABLE 1 | Yields and molecular weight distributions of lignin samples.

Lignin sample Yield (%) Mn (g/mol) Mw (g/mol) PDI

F0 — 1,066 3,155 2.96
F1 14.59 1,005 1,256 1.25
F2 15.40 2,511 2,988 1.19
F3 35.49 3,085 4,196 1.36
F4 23.18 5,611 6,845 1.22
F5 11.35 5,095 9,783 1.92
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The yield of the five lignin fractions is shown in Table 1. The
yield of lignin fraction dissolved in n-butanol and ethanol (F1 and
F2) was 14.59 and 15.4%, respectively. The yield of the lignin
fraction dissolved in methanol (F3) was the highest 35.49%, while
the yield of the lignin fraction dissolved in dioxane (F4) was
23.18%. The yield of final insoluble residue (F5) was 11.35%. The
effect of sequential solvent fractionation on the molecular weight
of lignin was explored by GPC technology. The weight-average
molecular weight (Mw), number-average molecular weight (Mn)
and polydispersity (PDI) of all lignin samples can be seen in
Table 1. The weight-average molecular weight of unfractionated
tobacco stalk lignin (F0) was 3,155 g/mol, which was much lower
than that of natural tobacco stalk lignin. This was because the
lignin was degraded and some of the chemical bonds were broken
during the hydrothermal-assisted alkaline pretreatment process
(Wang et al., 2017a). In addition, the PDI of F0 was as high as
2.96, showing serious heterogeneity, which severely hindered its
subsequent high-value applications. After fractionation, the
weight-average molecular weights of F1, F2, F3, F4, and F5
were 1,256, 2,988, 4,196, 6,845, and 9,783 g/mol, respectively.
It could be found that the molecular weight gradually
increased from F1 to F5, which proved that the lignin with
small molecular weight had better solubility and was extracted
first during the sequential solvent fractionation. The small
molecular weight of F1 indicated that it was seriously
degraded and the chemical bonds between structural units
were destroyed. The excessively high molecular weight of F5
might be due to the severe condensation and the presence of
carbohydrates, which would be proved in subsequent analyses
(Zhao et al., 2018). In addition, it could be observed that the
dispersibility of the fractionated lignin fraction had been
greatly improved as compared with F0, which had a
positive effect on the high-value utilization (Wang et al.,
2021a). In general, the solvent selected and the specified
extraction sequence could selectively fractionate tobacco
stalk lignin and improve the dispersibility.

Spectral Analysis
The alkaline extraction is an efficient method for removing lignin
from gramineous plant (Al Arni, 2018). Moreover, the
hydronium ion (H3O

+) can be released through the
autohydrolysis of water in the hydrothermal pre-treatment
process, which could dissolve hemicellulose by breaking the
lignin–carbohydrate complexes network and promote follow-
up delignification (Garrote et al., 2001; Wen et al., 2013d;
Chen et al., 2017). In order to understand the structural
evolution of tobacco stalk lignin during the pretreatment
process and the effect of the fractionation process on its
structure, the FT-IR spectra of the tobacco stalk lignin before
and after fractionation were recorded in Figure 2. Previous
studies reported that the residue insoluble in dioxane was
mainly composed of severely condensed lignin, carbohydrates
and ash, and it did not have the potential to produce commercial
products (Guo et al., 2013). Except for the final residue insoluble
in dioxane (F5), the structure of fractionated lignin was similar to
that of unfractionated lignin, but some corresponding signal
strengths were slightly different.

The signals at 1,597, 1,508, and 1,421 cm−1 are attributable to
the aromatic skeleton vibrations, which are signal peaks unique to
lignin (Ma et al., 2021c; Xu et al., 2021). This result proved that
although the bonds between the structural units would be broken
during the hydrothermal assisted dilute alkali pretreatment, the
basic skeleton of lignin was not destroyed. The corresponding
signals for the vibration of OH groups, the C–H sketch in CH2

and CH3 groups appeared at 3,422, 2,938 and 2,843 cm−1, which
were similar in all lignin samples. However, there was a difference
in the relative intensities of non-conjugated carbonyl stretching
assigned at 1711 cm−1. It could be clearly observed that the lignin
components with lower molecular weight had a stronger
absorption peak at 1711 cm−1 as compared to the lignin
components with higher molecular weight. This preliminarily
proved that lignin components with lower molecular weight had
more carboxyl groups, which would be proved in the subsequent
characterization. Moreover, the signals at 1,325, 1,213, and
1,115 cm−1 belong to S unit, which could be seen in all lignin
samples. However, the G unit signals for aromatic ring distributed
in at 1,267, 1,029, and 917 cm−1 could only be observed in F1-F4,
but not in F5. This proved that the lignin component containing
more G-type units had better solubility and was fractionated
earlier.

The comprehensive structural information of lignin can be
understood via NMR techniques (31P and 2D-HSQC), which
facilitate the understanding of the structural evolution of lignin in
the pretreatment process and the effects of the fractionation
process on the structural changes of lignin. The side-chain
HSQC spectra (δC/δH 50–90/2.1–5.7 ppm) of lignin sample
was shown in Figure 3. The main cross-signal assignments
referred to previous studies regarding to structural
characterization of lignin (Wen et al., 2013a; Wang et al.,
2017b). In addition to the main C-H correlations of inter-
coupling bonds of lignin, such as the methoxyl groups
(OCH3), β-O-4 aryl ethers (A), resinols (β-β, B), and
phenylcoumarans (β-5, C), and p-hydroxycinnamyl alcohol
end-groups (I), there were β-D-xylopyranosyl signals (X2, X3,
and X4) in F0 (Sun et al., 2019). The lignin-carbohydrate complex
was formed by combining the lignin at the c-α/c-c position and
the polysaccharide in substructures p-hydroxycinnamyl alcohol
end-groups through ether bond. By comparing the spectra of the
side chain region of different lignin fractions, it could be found
that the carbohydrate signal did not appear in the earlier
extracted lignin fractions (F1, F2, and F3), which proved that
the purity of these fractions was quite high (Wang et al., 2019).
The corresponding signal of carbohydrates could be significantly
observed on F5. This proved that F5 contained a lot of
carbohydrates, which was one of the reasons for the higher
molecular weight.

According to the aromatic region (δC/δH 100–140/
5.5–8.5 ppm) in Figure 4, cross-signals from guaiacyl (G),
syringyl (S), p-hydroxyphenyl (H) units were clearly observed
(Wen et al., 2013a; Sun et al., 2019), but their signal intensities in
each lignin sample were quite different. The normal and Cα-
oxidized S units showed obvious signals for the C2,6–H2,6

correlations at δC/δH 103.8/6.68 and 86.8/3.96 ppm,
respectively. It was worth noting that the trailing of S2,6 signal
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in F0 reflected the condensation of lignin, which was caused by
the high temperature during the hydrothermal process. The G
units showed three correlations for G6, G5, and G2. Among them,
the reason for the double signals on G2 was the serious
heterogeneity, which was affected by the substituent group at
C4 position of G unit (Shen et al., 2016). Moreover, the structural
units of different lignin fractions were different. The lignin
fractions (F1, F2, and F3) with more H and G type units had
better solubility and could be extracted earlier. Only the weak
signal attributed to the S unit could be observed in the F5
spectrum. These results were consistent with the above FT-IR
analysis results. In terms of structure, lignin components with
more H and G units had better reactivity due to more active sites
and smaller steric hindrance (Yang et al., 2015), which was more

conducive to the preparation of high value-added products
through chemistry reaction.

The quantitative 31P NMR spectra of lignin samples were
recorded to determine the hydroxyl content of lignin. The
corresponding quantitative results were listed in Table 2.
Phenolic hydroxyl group is decisive factors for the
reactivity and the prospects for commercial application of
lignin. Because of the cleavage of β-O-4 linkages and release of
more phenolic OH groups, the tobacco stalk lignin F0
obtained by hydrothermal assisted dilute alkali
pretreatment has a high phenolic hydroxyl content
(2.41 mmol/g). In addition, it could be found that the
phenolic hydroxyl content of lignin was negatively
correlated with its molecular weight. The lignin component

FIGURE 3 | The side-chain of lignin samples in the 2D HSQC NMR spectra.
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with a lower molecular weight had more phenolic hydroxyl
groups and better reactivity. Among them, the phenolic
hydroxyl content of F1 obtained by n-butanol fractionation
was as high as 3.09 mmol/g. Coupled with the above analysis
that F1 has more H and G units, F1 had obvious advantages as
a raw material for preparing high value-added products.

Antioxidant Capacity
Lignin is rich in phenolic structure and has antioxidant effect (Dong
et al., 2011). To explore the antioxidant capacity, the antioxidant test
of lignin samples was performed using DPPH as the radical
generator. EC50 is the concentration of lignin when the free
radical inhibition rate is 50%. The reciprocal of EC50 can be

FIGURE 4 | The aromatic ring of lignin samples in the 2D HSQC NMR spectra.

TABLE 2 | Quantification of the lignin samples by quantitative 31P-NMR Method (mmol/g).

Lignin sample AL-OH S-OH CG-OH G-OH H-OH Total phenolic−OH COOH

F0 2.52 0.85 0.19 0.81 0.56 2.41 0.75
F1 1.94 0.92 0.20 1.29 0.68 3.09 1.23
F2 2.59 0.88 0.21 0.98 0.43 2.50 0.85
F3 2.26 0.80 0.15 0.76 0.23 1.94 0.56
F4 2.04 0.69 0.13 0.56 0.24 1.62 0.43
F5 2.68 0.61 0.08 0.38 0.15 1.22 0.15
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used to calculate the free radical scavenging index (RSI), indicating
that the EC50 and RSI values have a negative correlation. In general,
the inhibitory effect of lignin increased with the increase of
concentration. The RIS values of F0-F5 were 28.52, 35.63, 30.56,
21.42, 18.37, and 15.22, respectively (Table 3). It was obvious that the
antioxidant capacity of lignin was negatively correlated with its
molecular weight. Previous studies have demonstrated that the
antioxidant capacity of lignin depends mainly on the content of
free phenolic hydroxyl groups, followed by other groups such as
aliphatic hydroxyl groups andmethoxyl groups (Pan et al., 2006; Ma
et al., 2021d). Therefore, F1 with the highest phenolic hydroxyl
content had the strongest antioxidant capacity, and F1 was an
excellent raw material for preparing green antioxidants.

Thermal Stability
The thermal behavior of lignin plays a crucial role in the preparation
of carbonmaterials, thermoplasticmaterials and phenol-rich bio-oils
(Sen et al., 2015). In this study, the thermogravimetric analysis (TG)
of lignin was used to explore the relationship between thermal
stability and structure. The thermal degradation process of lignin is
very complex, which is affected by various factors, such as the
breakage of internal chemical bonds, the types of functional groups,
and the degree of condensation (Xu et al., 2021). Lignin has
outstanding thermostability, and its thermal decomposition
process can be roughly divided into four stages. In addition, the
different thermal stabilities are not only influenced by inherent
structure and various functional groups of lignin polymers,
degree of branching, and condensation of the lignin
macromolecule but also related to specific chemical structures
(Wen et al., 2013c). For example, it was reported that the
maximum decomposition temperature (TM) was related to the
corresponding β-O-4 ether linkage content and molecular weight
(Mw) (Wen et al., 2013c). As shown in Figure 5, the first stage was
below 200°C. Dehydration and deformation of weak chemical
linkages in the β-O-4 structure were responsible for the weight
loss in this stage (Faravelli et al., 2010). The second stage at
200–350°C was due to the decomposition of ether bonds (mainly
β-O-4 linkages). The subsequent third stage (350–400°C) mainly
involved side chain oxidation, such as side chain dehydrogenation,
carboxylation of aliphatic hydroxyl group (Ke et al., 2011). The
cleavage C-C bond (5-5) and aromatic ring of the lignin caused the
fourth stage weight loss at temperatures above 400°C (Yang et al.,
2007). Finally, the residue obtained after pyrolysis was mainly
composed of inorganic salts and ash.

By comparing the thermal decomposition behavior of each lignin
fraction, it could be found that the thermal decomposition behavior
of lignin had an excellent correlation with its molecular weight. The

decomposition temperatures (10% weight loss) of F1, F3, and F4
were 240, 300, and 320°C respectively, indicating that lignin fraction
with low molecular weight was easier to be pyrolyzed. However, the
unfractionated F0 (288°C) did not meet this result, which indicated
that the thermal decomposition behavior of lignin was not only
related to molecular weight, but also affected by many factors, such
as heterogeneity, functional groups, and degree of condensation
(Gioia et al., 2018). Similarly, the residue weights at 800°C of F1, F3,
and F4 were 38.4, 41.4, and 45.9% respectively, which had an
excellent positive correlation with molecular weight. However, F0
with lower molecular weight had the highest residual carbon rate of
45.5%. The main reason was the serious heterogeneity of F0 and the
existence of ash, making it difficult to use F0 as a promising carbon
material precursor. In general, although F4 had inferior reactivity
and was difficult to prepare high value-added products through
chemical modification, its high carbon residue rate contributed to its
application in preparing carbon materials.

CONCLUSION

The tobacco stalk lignin was obtained by hydrothermal assisted
dilute alkali pretreatment, and the structural features of the lignin
were characterized by modern characterization techniques.
Subsequently, the tobacco stalk lignin (F0) was divided into five
lignin components by sequential solvent fractionation with
n-butanol (F1), ethanol (F2), methanol (F3), and dioxane (F4).
The molecular weight of the lignin elevated with the increase in
the solubility of the solvent, and the polydispersity was greatly
improved after fractionation process. In addition, the phenolic
hydroxyl content in lignin was negatively related to its molecular
weight, and the high phenolic hydroxyl content could improve the
reactivity and antioxidant capacity. Therefore, lignin components
with lower molecular weight (F1 and F2) showed great potentials in
the preparation of green antioxidants and high value-added chemical
products. By contrast, lignin fractionwith highmolecular weight was

TABLE 3 | The free radical scavenging index (RSI) of the lignin samples.

Lignin sample EC50 (μg/ml) RSI

F0 35.06 28.52
F1 28.07 35.63
F2 32.72 30.56
F3 46.69 21.42
F4 54.44 18.37
F5 65.70 15.22

FIGURE 5 | TG curves of tobacco stalk lignin and fractionated lignins.
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more suitable for preparing carbon materials due to its high residual
carbon rate. In short, the full utilization of lignin is the key to tobacco
stalk resource recovery. The sequential solvent fractionation can
promote the customized utilization of tobacco stalk lignin according
to the structural advantage of different lignin fractions.
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