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Lignin, a naturally abundant aromatic polymer of natural origin, offers numerous 

desired intrinsic properties belonging to rich functional groups. However, the 

lignin properties vary influenced by the source of biomass (hardwood, softwood, 

and herbaceous) with different monomer unit proportions, delignification 

methods, and isolation techniques. To extract lignin, two routes have been 

introduced i.e. cellulose first fractionation and lignin first fractionation. The focus 

of this review is revisiting the strategy of cellulose first fractionation in which 

lignin is mainly present as a side product of the delignification process via the 

sulfur-bearing process and the non-sulfur-bearing process. After that process, the 

isolation process was employed in black liquor as a by-product of the process. By 

this route, technical lignin is produced with the potential to convert into 

biomaterial feedstocks. The main property concern of this lignin is its condensed 

structure which requires further modification for specific purposes. Physical and 

chemical modification can be introduced to increase the reactivity of lignin to 

widen the application. 
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1. Introduction 

The size of the world market for lignin was projected to be USD 1.04 billion in 2022, and between 2023 and 

2030, it is projected to expand at a compound yearly growth rate (CAGR) of 4.9%. In the upcoming years, it 

is projected that the increasing trend of employing lignin will accelerate market expansion [1]. Lignin is the 

main source of bio-aromatic compounds on earth and has a variety of possible commercial applications [2] 

due to the richness of its functional groups and complexity [3, 4]. It can serve as a substrate for the synthesis 

of chemicals, biofuels, and composite materials, particularly aromatic and phenolic compounds [5]. In 2022, 

lignosulfonates became the market's largest product segment. Throughout the forecast period, it is anticipated 

that this market segment will continue to dominate at a CAGR of 4.4% [1]. 

It is still regarded as a secondary chance to obtain some more value of lignin, though, and is not given top 

priority such as cellulose in the processing of lignocellulosic biomass. Many attempts Continue to valorize 

lignin effectively to reach profitability of biomass in the biorefinery concept. Harnessing lignin as renewable 

chemical feedstock is still challenging in the view of complementary valorization. The condensed structure of 

lignin brings new challenges in disassembly into chemicals. Thus, prevention of structural lignin degradation 

that provides efficient and selective lignin into aromatics conversion becomes interesting in new biorefinery 

platforms.  

There are two strategies to produce lignin “cellulose first fractionation and lignin first fractionation [6]. 

Interestingly, fractionation methods that preserve the structural integrity of the carbohydrates while preventing 

lignin condensation are based on active stabilizing processes [6, 7]. In the first method, the main concern is 
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how to obtain rich cellulose with lignin as a by-product contained in black liquor. Practically in the pulp and 

paper industry, the main source of this lignin type (further call as technical lignin) has used this route, in which 

lignin was used to generate power and heat via combustion [8]. Technical lignin can be obtained by the 

precipitating method by adding some chemical agents in the alkaline black liquor to precipitate lignin such as 

common mineral acids, or organic acids while considering the pH of the liquor. There are two technical lignin 

types i.e. non-sulfur lignin and sulfur lignin depending on the delignification technic used (sulfur-bearing 

process vs non-sulfur-bearing process).  

However, in first method faces a challenge in which technical lignin becomes a condensed structure that 

can lead to difficulty in the reactivity in future processes. Therefore, to produce native-like lignin having non 

condensed structure is proposed in in second method route, lignin first fractionation. Biomass has been 

fractionated with the first concern being native-like-lignin or lignin does not by-product from cellulose 

extraction. Catalytic oxidative depolymerization and catalytic reductive depolymerization are two 

fractionation techniques that have been carried out to yield aromatics for energy and fine chemistry [9] in the 

form of a mixture of bifunctional monoaromatics and a mixture of mono phenolics, respectively (Figure 1).  

In this literature review, we revisit the strategy for producing technical lignin with the potential for its 

valorization including the modification technique of lignin to improve the reactivity functional group of lignin. 

This perspective can become a guide for future research and development of cellulose first fractionation for 

prospective lignin-based bioproducts that have not yet been presented in previous literature. Several public 

databases including Scopus, WOS, PubMed, and Google Scholar were used as a basis for this literature review. 

Keywords such as biorefinery, lignin first fractionation, cellulose first fractionation, biomass, and lignin 

application were applied in the screening of literature.  

2. Lignin production strategy of cellulose first fractionation 

Delignification of lignocellulose biomass is a critical step that affects the purity of lignin and makes it 

easier to break down lignin-lignin and lignin-carbohydrate complexes that surround cellulose [10]. The origin 

of biomass, processing techniques, and isolation methods all have a substantial impact on the physicochemical 

characteristics of lignin, which presents a considerable obstacle to its application [8, 10, 11]. The variability 

and recalcitrance of the structure resulting from the three-dimensional polymeric structure of aromatic 

compounds is the primary obstacle to the valorization of lignin. The problem of lignin from this cellulose first 

fractionation method is a condensed structure that needs severe conditions to handle it. 

The route in cellulose's first fractionation to produce lignin involves high temperature and equipment. 

Some methods such as alkaline delignification such as kraft and sulfite pulping as a sulfur-bearing process, or 

soda, and organosolv pretreatment, steam explosion pretreatment, etc as a non-sulfur-bearing process are well-

Figure 1. Catalytic depolymerization of lignin via oxidation and reduction to produce aromatics, polymers, and BTX 
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known as effective techniques in lignin-extraction [9, 11]. This technique inevitably leads to condensation [12]. 

The green delignification method for lignin production has gained interest lately even still on a laboratory scale 

such as ionic liquid, liquid hot water, and deep eutectic solvent (DES) pretreatment. Figure 2 shows the route 

of the first cellulose fractionation to produce lignin from biomass in which lignin is mined from black liquor 

after the delignification process. This lignin has a high cross-linked structure which for breaking down requires 

high energy that is linear with high production cost. Therefore, valorizing lignin for bioproducts such as 

polymer material and aromatic will not be optimal [7]. 

 

Figure 2. Cellulose first fractionation route of biomass to produce lignin 

As can be seen in Figure 2, there are 3 groups of lignocellulosic biomass as lignin sources with variation 

in lignin unit proportion which are connected by C-C and aryl ether interunit linkages, including hardwood 

(Guiacyl (G), Syringyl (S), trace of para-hydroxyphenyl (H)), softwood (majority G with low H level), and 

herbaceous biomass (G, H, S) [13, 14]. Common interunit linkages found in lignin with different quantities 

include most abundance aryl ether linkage (β-O-4), two C-C linkage (resinol (β-β) and phenylcomaran (β-5)). 

The other linkage such as biphenyl (5–5), spirodienone (β-1), and the biphenyl ether (4-O-5) were present in 

fewer amounts [15, 16].  

The chemistry and characteristics of lignin are greatly impacted by these differences, particularly. Thus, 

lignin's functional groups and overall chemical structure have a substantial influence on the result of its 

processing [9]. High-content ash in herbaceous biomass can interfere with the effective process and lignin 

characteristics such as purity. To increase the lignin purity, some techniques have been employed such as 

various washing treatment frequencies during the isolation process [17, 18] or the fractionation step [19].  

Other than that, pretreatment before delignification has successfully improved the lignin yield by removing 

extractives attached to biomass such as in areca leaf sheath (ALS) [20]. 

Fitria et al. [21] summarize some strategies to manage high ash content in biomass. Washing/leaching 

treatment by leaching agents such as water, acid, and chelating agents are reported for demineralization of 

high-mineral content biomass after harvesting. In line with that review, to lower the inorganic component 

(ash), demineralization usually entails leaching biomass in water or diluted acid [22]. Besides that, 

pretreatment such as acid infusion, metal-enriched pretreatment, and pH adjustment can be applied to manage 

the mineral-containing biomass. All mentioned technique helps to reach lignin. 

The effective separation of native high molecular-weight lignin is severely limited by the intact matrix of 

lignocellulosic biomass, which exhibits substantial resistance to physicochemical treatment. Though they 

differ greatly from the techniques usually employed for larger-scale lignin isolation, many unique isolation 

techniques are comparable [16].  The acidification process is an effective and cost-effective method for lignin 
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extraction from black liquor [23]. Mainly mineral acids such as hydrochloric acid, sulfuric acid, phosphoric 

acid, etc were used to precipitate lignin in black liquor.  A method of acidifying black liquor to extract lignin 

is called LignoBoost. Using CO2 injection to get the pH down to roughly 9 to 10.5 precipitates lignin in this 

procedure [24]. However, acidification with mineral acid can negative effect on the environment. Also 

minimizing the alteration of structural integration of lignin motivates to search the green extraction process 

involving relatively “safe” chemical agents. Negligeable structural modifications in lignin can be obtained by 

isolation using organic extraction under milder circumstances without the need for any basic or acidic catalysts 

[16]. Additionally effective at improving lignin extraction, organic acids can also be used as solvents. Two of 

the most researched organic acids for lignin isolation without significant structural modification are formic 

and acetic acids [16]. Citric acid and lactic acid are also included as organic acids that can be employed on a 

large scale with citric acid being the most used [25].  

Gaining the high-level purity of lignin is highly important in the isolation strategy, but lignin with a non-

condense structure is also taking consideration. Compared to the “native” lignin structure in biomass the lignin, 

structure turns to modification after fractionation, through condensation reaction (a stable C-C bond formation) 

in producing “technical” lignin. Figure 3 describes the formation of C-C linkage when harsh treatment is 

employed in lignin extraction. It is more challenging toward depolymerization [9, 26] and overwhelms their 

downstream upgrading [16]. Li and colleagues showed that the lignin extracted using Deep eutectic solvent 

(DES), a green solvent, exhibited exceptional levels of purity and thermostability [7, 27]. DESs, which are 

made up of compounds with hydrogen bonding networks and choline chloride (ChCl), with considered low-

cost, simple production, have no toxic characteristics and have minimum disposal costs [16]. 

 
Figure 3. Representative formation of carbon-carbon linkage in technical lignin after harsh delignification of biomass containing native lignin with high 

β-0-4 [16]. Copyright CC BY 4.0 Deed | Attribution 4.0 International | Creative Commons 

3. Mapping of potency to the valorization lignin 

It is still very desirable to valorize a significant portion of co-formed lignin in biorefineries or the pulp industry 

that is intended for cellulose exploitation [9]. Only 2-5% of the lignin produced in the industry is specifically 

processed for use in the commercial sector; the majority is burned directly to provide heat and electricity [11]. 

As the largest abundance of aromatic polymer, lignin becomes feedstock for valorizing into various 

bioproducts except for money [28] which can be utilized in many applications. The extraction step provides 

lignin in microsize that can be directly processed; however, to widen the application with homogenous 

properties the size can be modified in nanosize. The advantages of lignin nanoparticles (LNPs) include 

enhanced structural and size control, high stability, antioxidant activity, high activity, and superior 

biocompatibility and biodegradability [29]. Nano lignin can be obtained with two strategies i.e. top-down and 

bottom-up techniques. Chemical, physical, or combination methods of them have been reported by several 
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previous literature [30]. Self-assembly, cross-linking or polymerization, solvent shifting (THF, DMSO, 

acetone some of such as the self-assembly method), acid precipitation, or solvent exchange [29].  

 

Figure 4. Preparation of lignin nanoparticles via chemical and physical/mechanical methods 

In lignin conversion into bioproducts, lignin has been employed in any modification treatment for improving 

the reactivity of the functional group of lignin as indicated in Figure 2.  The functionalization of lignin can be 

achieved through graft copolymerization, aromatic ring modification, hydroxyl group modification, and 

methoxy group modification [31]. On the other hand, physical methods are created to improve the surface 

properties of lignin and the resulting composite materials, such as freeze-drying, sorption, and radiation [32]. 

Three main routes of chemical modification of lignin are (1) depolymerization/fragmentation to produce 

chemicals rich in aromatic structure, (2) reaction of hydroxyl groups with chemical agents, (3) formation of 

new chemically active sites [4, 32].  Most of the attempt to modify lignin was carried out via esterification as 

a chemical reaction type by using chemical agents such as acyl chlorides, carboxylic anhydrides, carboxylic 

acids, and lactones [32]. 

4. Conclusion 

Lignin extracted from cellulose first fractionation has shown potential as a source of natural aromatic polymers. 

In this method, variation in lignin characteristics is influenced by variation in lignocellulosic biomass, method 

of delignification, isolation technique, etc needs to be considered. Biomass with high ash and extractive content 

needs to be pretreated such as by leaching/washing treatment or boiling. This technique facilitates to 

production of high-yield lignin. The acidification method with inorganic acid is a common method to 

precipitate lignin from black liquor. Considering reducing the negative impact on the lignin properties and the 

environment, the introduction of green chemical agents is highlighted. The condensed structure of technical 

liqnin can limit on wide application area. chemical modification of lignin can become the solution to increase 

the reactivity of the available functional groups of lignin. Besides that, the size reduction of microsize into 

nano by top-down and bottom-up approach is also the method for improving the lignin properties and to some 

extent altering the reaction reactivity.  
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