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This entry gives overview of the lignin separation methods from lignocellulosic biomass using various methods but the
main attention has been paid on lignin separation using ionic liquids. Lignin is a natural polymer, one that has an abundant
and renewable resource in biomass. Due to a tendency towards the use of biochemicals, the efficient utilization of lignin
has gained wide attention. The delignification of lignocellulosic biomass makes its fractions (cellulose, hemicellulose, and
lignin) susceptible to easier transformation to many different commodities like energy, chemicals, and materials that could
be produced using the biorefinery concept.
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| 1. Introduction

Lignocellulosic (LC) biomass is the most abundant plant material for the production and sustainable supply of liquid
biofuels at a relatively low cost [, It mainly consists of sugar polymers (cellulose and hemicellulose) and lignin [&. These
three biopolymers, depicted in Figure 1, are the main constituents of plant cell walls . The lignin and hemicelluloses
forms a cross-linked matrix which covers the cellulose fibers and thereby forms a tight and, compact structure . Lignin is
one of the three primary components of LC biomass which, protects cellulose and hemicellulose by providing mechanical
strength but also hydrophobic and indigestible properties to plant cell walls BIEl,

PLANT CELL

Figure 1. Structure of lignocellulosic biomass (Modified from [Z[El,

However, the large volumes of lignin resources never been cost efficiently used . It is clear that the chemical pulp
industries globally produce about 50 million tons of lignin every year [, Despite that, the commercially utilized lignin is
only about 2% of total, while the rest is used for combustion in order to produce heat and energy 19. The use of cheap
and renewable bioresources, like lignin, has been attractive since the increasing depletion of fossil fuel resources is
concerning level 29, Besides of economic value, the use of renewable bioresources has potential to decrease the
negative effects of the production and use of fuels and chemicals on environment and health 22, Lignin is the only natural
biopolymer containing aromatic phenolpropanoid monomers. Therefore, it can be utilized to produce value-added end
products, for example fuel components, via a process of depolymerization 141,

An efficient low-cost technique is required to remove and recover the lignin from biomass to gain enable easier access to
the biomass polysaccharides in order to produce different products from lignin 22, Due to the complexed structure of cell
wall microfibrils in LC biomass, the immaculate separation of celluloses and lignin resulting minimal degradation of



polymers is a great challenge 1. Among the various reported biomass pretreatment technologies, pretreatment with ionic
liquids (ILs) has shown the most feasible results, especially in a sense of lignin separation X1, The properties such as no
measurable vapor pressure, wide electrochemical window, high thermal stability, nonflammability, excellent solvent power
for both organic and inorganic substances, etc.—makes ILs unique and versatile among its kind 2], More importantly, the
ILs properties where they relate to hydrophobicity, polarity, and solvent power can be modified by combining or modifying
the cations and anions 14,

| 2. LC Pretreatment for Lignin Isolation

Lignin separation from the LC biomass is carried out by applying various pretreatment processes 1218l As a result of
complicated structure and molecular interactions with other components like hemicellulose, dissolution of the natural lignin
in wood is very complicated and money consuming procedure. The required methods to separate lignin from the plant cell
walls and cellulose, are quite harsh and this partially changes its native conformation 221,

Technical lignins are lignins which are separated from various biomasses during one of a number of available technical
processes 8. Among these are kraft lignin, soda lignin, organosolv lignin, ionic liquid lignin, and hydrolysis lignin. On the
other hand, native lignin is lignin in its original form present in LC biomasses, which are, wood lignin (MWL), cellulolytic
enzymatic lignin (CEL), and enzymatic mild acidolysis lignin (EMAL).

MWL is mostly used as standard lignin because of its closeness to the native lignin structure. Chang et al. reported the
CEL treatment procedure, to further reduction for the isolation-induced modifications 9. Contrary to MWL, the CEL was
obtained in higher yields, in the same milling duration, therefore, it was less degraded. Due to that, CEL is considered
more similar to the total lignin fraction in wood. Enzymatic mild acidolysis lignin (EMAL) extraction was studied by Guerra
et al. which is more complex procedure that combines milling, enzymatic treatment, and an additional acidolysis step [29.
The aim of the study was the further maximize the yield of the isolated lignin. Moreover, to the researches focused on
simplifying the methods for lignin isolation in order to make them more environmentally clean, as well as to obtain lignin
closer to its native structure 24,

Usually, Kraft lignin, alkaline, or organosolv lignin are used to test the dissolution rate of lignin. The choices are made
considering their commercial availability, that they are products of the chemical pulping process [22. Kraft lignin refers to
the use of the alkaline degradation of LC, while sulfonated lignin arises from the use of a sulfite pulping process. In
addition, the pulp and paper industries, extract Kraft lignin from black liquor.

Hydrolysis lignin (HL) is a by-product of enzymatic hydrolysis and fermentation processes in cellulosic ethanol plants. It is
primarily consist of lignin (up to 60%) balanced with unreacted cellulose and mono- and oligosaccharides. Further
modifications are required for the utilization of HL which are too expensive at the moment otherwise the HL-derived
materials do not function well. As a result of this, the majority of HL is disposed without any valorization (23],

The structure of isolated lignin, cellulose, and hemicellulose depends upon the pretreatment method being used. For the
separation of lignin from the LC biomass the used methods should focus on; increasing of the accessibility surface area,
and cellulose decrystallization, partial depolymerization of cellulose and hemicellulose, maximizing the enzymatic
digestibility of the pretreated material, minimizing the sugar-losses, and minimizing capital plus operating costs 24,

The used lignin extraction methods affect the dissolution behavior of lignin. For example, lignosulphonate, Kraft, and soda

lignin are soluble in aqueous solvent, while alkali and organosolv lignins are soluble in a wide range of organic solvents
[25]

For obtaining the separation of lignin from LC biomasses, there are four broad categories of pretreatment processes,
which are; physical pretreatment, chemical pretreatment, physiochemical pretreatment, and native lignin separation
(Figure 2).
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Figure 2. Classification of different lignin separation methods.

Lignin Separation with ILs

Several studies have presented that different solvents like ethylene glycol, DMSO 28 |Ls &1 g-valerolactone 28 and
Tween-80/H,0 are able to dissolve up to 70 wt% lignin 22, Among these solvents, ILs have acquired especial levels of
interest due to their particular chemo-physical properties when compared to traditional molecular solvents.

ILs are molten salts which are also named as being room temperature salts because they are in a liquid state at, or close
to liquid state, ambient conditions 9. The IL-s dissolve a wide range of materials including hydrophobic, hydrophilic, and
polymeric compounds B, The ability of ILs to be an effective form of disruption targeting the non-covalent interactions
between these polymers 22,

In essence, the ILs are formed by a combination of organic cations with organic or inorganic anions, and the desired
properties of IL were precursor on the choice of ions 23], lon pairs are the parts of all ILs, and the possible combinations of
cations and anions are endless. Generally, lignin solubility is high for five groups of ILs containing imidazolium, pyridinium,
pyrrolidinium, ammonium, and phosphonium cations. The anions of IL usually include BF,4~, FAP~, Tf,N™, OTF, CI", PF¢",

CH3COO™, and N(CN),". Large non-coordinating anions, such as [BF4]” and [PFg]~, showed low lignin dissolution ability
24,

ILs attract attentions due to their appealing properties. These properties include a wide electrochemical range, low vapor
pressure, high thermal stability, and outstanding ionic conductivity even under anhydrous conditions. The dissolution
properties of ILs are unique and can be tuned by choosing suitable cations and/or anions. One of the most desirable
advantages of ILs in comparison with traditional molecular solvents is its extremely low vapor pressure 33,

Recent studies report that certain ILs have turned up to be very effective in terms of LC biomass delignification. Due to
this, they have been considered as fractionation solvents for LC materials. ILs intensify the access to lignin by dissolving
LC biomass, which in response leads to the possible further valorization of lignin. Different strategies can be applied
during or after IL-aided fractionation in order to produce fuels, chemicals, and materials. These include the extraction of
lignin from lignocelluloses, catalytic delignification to acquire separated lignin components from biomass, and the
saccharification of polysaccharides that are attached to lignin fragments 28, Delignification causes disruption of lignin
structure, resulting in biomass swelling, which is not feasible in a sense of native lignin.

Hydrogen bond acceptability in IL anions is necessary for efficient biomass dissolution because it contributes to the
formation of the hydrogen bonds with biomass components. Considering that, cations should contain strong acidic protons
and short side chains to attain the reduction of the inhibition between the IL and biomass during dissolution B8l As an
exception, Muhammad et al. presented their findings which stated that the [Ch][PrOQ] IL has a poor dissolution ability,
despite of a high hydrogen basicity B2. This behavior was explained by the internal interaction between the hydroxyl end
group of IL cation and its anion.

The dissolution of lignin has been investigated in several aprotic and protic ILs (PILs) (see Table 1). The ILs with moderate
hydrogen-bonding anions represents better ability to dissolve lignin B2,

Table 1. The dissolution of lignin with ionic liquids (ILs) and protic ionic liquids (PILS).

Sample Solvent Temp (°C) Time (h) Lignin (%) Cellulose (%) References
Kraft lignin Py 90 24 >50 0.10 £ 0.00 (28]

Kraft lignin Mim 90 24 >50 0.24 £ 0.02 (28]



Sample
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Kraft lignin
Pinus radiata
Pinus radiata
Pinus radiata
Maple
Maple
Maple
Maple
Birch
Polar wood
Bagasse
Bamboo
Corn stover
Cotton stalk
Bagasse
Polar wood
Bamboo
Corncob
Corncob
Corncob
Corncob
Eucalyptus
Eucalyptus
Eucalyptus

Eucalyptus

Solvent
Pyrr
HAc
[Pyl [For]
[Pyl [Pro]
[Pyl [Ac]
[Mmim] [MeSO4]
[Bmim] [CF3SO3]
[Pyl [Ac]

[Mim] [Ac]

[Pyrr] [Ac]
GVLI/[Bmim]Ac
GVLI[Bmim]Ac
GVLI/I[Amim]CI
GVLI/I[Amim]CI
[Emim]Ac/water

[C2mim] Ace
[Camim] Ace
[C4mim]Ace/DMSO
[Emim]Ac
[Emim]Ac
[Mmim] [MeSO4]
[Bmim] [CF3SO3]
[Emim] [OAc]
[Emim] [OAc]
[Emim] [ABS]
[Emim] [Gly]

[Emim] [OAC]INMP
[Amim] [CI/DMSO
[Bmim] [CI] + NaOH
[Emim] [OAc] + NaOH
[Amim] [CI] + NaOH
[Emim] [OAcC]/H20 + NaOH
[Emim] [OAc]/IDMF + NaOH
[Emim] [OAc]/DMSO + NaOH
[Emim] [OAc]/IDMAc + NaOH
[Bmim] [Ace] + NaOH
[Bmim] [Ace]/lDMAc + NaOH
[Bmim] [Ace]/Dioxane + NaOH

[Bmim] [Ace]/Ethylacetate + NaOH

Temp (°C)
90
90
75
75
75
80
80
90
90
90
30
60
30
60
60
100
100
100
110
130
80
80
110
110
190
120
140
130
110
110
100

110

120

Time (h)
24

24

24
24
24
24

24

15
24
24
24
16
16

1-1.5

12

12

Lignin (%)
7.98 +0.10
0.72 + 0.04
70
55
64
50
50
>50
>50
>50
20.9
28.0
134
43
38
58
63

51

43.4a
5.8b
97¢
85.3c
60.0c
13.7a
10.51a
74.4c
12.73b
8.72b
4.04b
9.78b
7.24b
19.5a
32a
37.3a
25.8a
29.9a

70

Cellulose (%)
0.63 + 0.00
0.07 £ 0.01

<1

0.12+0.03
0.20 £ 0.05

0.79 £ 0.04
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Sample Solvent Temp (°C) Time (h) Lignin (%) Cellulose (%) References

Eucalyptus [Bmim] [Ace]/Toluene + NaOH 74 28]
Eucalyptus [Ch] [Lys] 21 28]
Switchgrass [Ch] [Lys] 140 1

Pine [Ch] [Lys]

a Based on dry biomass; b based on Klason lignin; c based on the original lignin content in raw biomass.

| 3. Conclusions and Future Remarks

The exploitation of ILs in LC biomass treatment shows the tremendous potential in this research filed, especially within the
context of the separation of lignin from LC biomass. The successful dissolution of lignin in ILs has broadened the sight
when it comes to utilizing biomass for the production of biofuels, chemicals, and materials in a sense of technical and
economic growth. The dependence of the ILs physical properties and their ability to solubilize LC biomass is considered
important in the production of biochemicals. Due to its easily synthesizing process, various ILs can be used to design
solvents with desired physicochemical properties that focus on the specific subcomponents of LC biomass.

To take into account the possible use in biorefinery scale is necessary for the practical considerations of pretreatment with
ILs techniques. The results of experiments that have been carried out in relation to regeneration and the potential for
recycling when it comes to pyridinium and pyrrolidinium-based PILs showed that the present dissolution processes that
are using them could open the door to the diverse production of high-value products from lignin, including, binders, carbon
fibers, phenolic compounds lignin-based polymers, and sorbents.

In all likelihood, lignin is a promising resource when it comes to replacing petroleum products in the chemical industry.
Numerous studies have also shown there is undeniable potential for the depolymerization of lignin for the production of
chemicals. However, these studies have mostly focused on experiments at a laboratory scale. The product
characterization from the upgraded scale of lignin depolymerization can improve utilization of the lignin depolymerization
process in the production of chemicals. Such an advance could afford what would be considered the foundation of
biomass utilization and a green future.
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