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ABSTRACT 
 

Aims: The study's objective is to develop lignosulfonate-based nanocarriers as a UV protectant for 
agrochemical delivery 
Place and Duration of Study: Department of Nano Science & Technology, Tamil Nadu Agricultural 
University, Coimbatore. The research was carried out between March 2021 and January 2022. 
Methodology: We demonstrate a straightforward approach for the solvent – anti-solvent 
conversion of lignosulfonate macromolecules from black liquor derived from the paper pulping 
industry to nanocarriers. Due to the amphiphilic nature of lignin, nanoparticles are generated by 
self-assembly. To create lignin nanoparticles, a drop-by-drop solvent exchange approach has been 
used. The lignosulfonate solution was prepared using solvents such as ethanol and tetrahydrofuran, 
and then water was added as an antisolvent, resulting in the creation of nanoparticles by self-
assembly. The hydrophobic portion of lignin creates the particle's core, while the hydrophilic 
hydroxyl groups form the particle's shell. The size and stability of nanoparticles were determined 
using dynamic light scattering, and the form and size of the systems were imaged using scanning 
electron microscopy. The functional groups of the nanoparticles were determined using Fourier 
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transform infrared spectroscopy. 
Results: Solvent tetrahydrofuran generated uniform and spherical lignosulfonate nanoparticles than 
the solvent ethanol employed in the solvent exchange procedure. When ethanol and cetyl trimethyl 
ammonium bromide were used as solvent and surfactant, respectively, the size of lignosulfonate 
nanoparticles was smaller (270±31.9nm). However, the stability of nanocarrier systems was 
unaffected by the solvent used, with polydispersity index values of 0.435±0.003 and 0.401±0.028 
for tetrahydrofuran and ethanol solvents, respectively. The existence of a distinctive peak at 526 
and 609 cm

-1
 in the infrared spectrum corresponding to sulfonic stretching indicated the presence of 

lignosulfonate in the carrier systems. 
Conclusion: Lignosulfonate-based nanocarrier systems were developed using the solvent 
exchange method. However, the nanocarrier systems are to be validated to assess the bioefficacy 
of active molecules. 
 

 
Keywords: Lignin; lignosulfonate; nanocarrier; tetrahydrofuran and vehicle for UV protection. 
 

1. INTRODUCTION 
 
Lignin is the second most abundant biopolymer 
in plant biomass, following cellulose. Lignin is an 
aromatic polymer cross-linked by random 
phenylpropane units comprising guaiacyl, p-
hydroxyphenyl, and syringyl groups coupled via 
covalent C-C and C-O linkages. The structural 
unit of plant biomass is lignin, which is found in 
the vascular and support tissues of middle 
lamellae, the secondary cell wall of xylem 
arteries, and sclereid cells. Lignin gives the plant 
cell wall its strength and rigidity. In plants, lignin 
covers the gaps between the cellulose, 
hemicellulose, and pectin polymers. Lignin 
concentration varies between 5% and 12% in 
monocots, between 25% and 35% in softwoods, 
and between 15% and 30% in hardwoods [1]. 
Currently, lignocellulosic biorefineries and the 
paper/pulp industry produce more than 80 million 
tons of industrial lignin [2], with 95 percent of the 
lignin produced being burned for heat recovery 
and the remaining 5% being isolated and used in 
value-added applications such as industrial 
dispersant and surfactant [3]. Thus, lignin is 
being investigated for various applications to 
increase the sustainability of the pulping industry. 
The lignosulfonate technique is commonly used 
in the paper pulping industry for cellulose 
extraction from woody biomass. The process 
begins with adding sulfurous acid or sulfite and 
bisulfite to the wood, which produces black liquor 
containing lignin and sulfur as a by-product. 
Lignin obtained by the sulfite paper pulping 
process is called lignosulfonates; this type of 
lignin accounts for approximately 90% of 
commercial lignin available in the market [4]. 
Globally, lignosulfonates are produced at around 
1.8 million tons per year [5]. By definition, 
lignocellulosic components are in the nanoscale, 
which gives mechanical strength to the plant cell 

wall [6]. Lignin's aromatic nature, increased 
reactive functional groups, high availability, 
biodegradability, increased thermal stability, UV 
resistance, and cost-effectiveness make it useful 
in various disciplines. Due to the exceptional 
characteristics of lignin at the nanoscale, lignin 
nanoparticles have acquired increased 
importance in recent years. Additionally, lignin 
nanoparticles are used as nanocarriers for active 
molecule delivery [7]. Numerous production 
approaches for lignin nanoparticles have been 
described, including nanoprecipitation [8,9], 
chemical modification [10], sonication [11], 
thermal carbonization [12], microwave-assisted 
acetylation [13], and self-assembly [14,15]. This 
study aims to synthesize lignin sulfonate 
nanoparticles from black liquor utilizing a self-
assembly method using solvents such as 
tetrahydrofuran and ethanol. The solvent 
exchange approach produce highly organized 
lignin nanostructures without external force.  
 

2. MATERIALS AND METHODS 
 

The black liquor was graciously provided by 
Tamil Nadu Newsprint and Papers Limited 
(TNPL), Kagithapuram, located in Tamil Nadu's 
Karur district. Purification of the black fluid was 
achieved using oxalic acid (Product No. 75688) 
obtained from Sigma-Aldrich. Tetrahydrofuran 
AR was obtained from Central Drug House 
Private Limited, New Delhi (Product No. 657836). 
Cetyl trimethyl ammonium chloride AR was 
purchased from LOBA Chemie Private Limited, 
Mumbai.  
 
According to previous reports [16], black liquor 
was pretreated with oxalic acid. Oxalic acid at 
1% was introduced dropwise from a burette to a 
beaker holding 20ml of black liqueur with pH of 
13 held at 350 rpm at room temperature under 
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constant magnetic stirring, resulting in the 
precipitation of pure lignin. The precipitate was 
filtered out using WhatmanTM Grade 40 filter 
paper. The precipitate was dried in a laboratory 
oven at 60°C until consistent weights were 
observed in subsequent experiments. For the 
synthesis of nanoparticles, the lignin sulfonate 
sample was macerated with a mortar and pestle 
and stored at 4°C. 
 

The lignosulfonate nanoparticles were produced 
utilizing a solvent exchange process in which 
ethanol and tetrahydrofuran were used as 
solvents. The approach for synthesizing 
lignosulfonate nanoparticles was adapted from 
[17] with minor modifications. Ten milliliters of 
lignosulfonate dispersed in water at 
concentrations of 10%, 30%, and 60% (w/v) were 
held at 250rpm in a magnetic stirrer, to which 10 
mL of ethanol and water (3:2 ratio) containing 2% 
cetyl trimethyl ammonium chloride were added 
dropwise by syringe. The contents were then 
added to 10 mL of deionized water as an 
antisolvent to promote spontaneous self-
assembly and the creation of lignosulfonate 
nanoparticles. Similarly, in another series of 
experiments, 15 mL of tetrahydrofuran was 
added dropwise to 10 mL of 20, 40%, and 60% 
lignosulfonate solution held on a magnetic stirrer 
at 500 rpm. To generate self-assembly of 
lignosulfonate nanoparticles, 10 mL of deionized 
water was added to the solution as an antisolvent 
(Fig. 1). 

 

The solution containing lignosulfonate 
nanoparticles was characterized using a particle 
size analyzer to determine the particle size and 
polydispersity index. A scanning electron 
microscope and Fourier transform infrared 
spectroscopy were used to create surface 
topography and confirm the presence of 
functional groups in the nanoparticles. To 
determine the particle size and stability of 
ligosulfonate particles, a particle size analyzer 
(Nanopartica, HORIBA-SZ-100) was utilized. For 
consistent dispersion of nanoparticles, aliquots of 
10µL were dispersed in 10 mL of deionized water 
held in a water bath sonicator for 24 minutes. 
The analysis was then performed using 3mL of 
dispersion in a glass cuvette. The surface 
morphology of particles was imaged using a 
scanning electron microscope (FEI, Quanta 250). 
On the stub, a drop of a sample containing 
nanoparticles was deposited and allowed to dry 
before imaging at a magnification of 20000X with 

a spot size of 3.5 and a voltage of 10KV. In 
Attenuation Total Reflectance mode, a Fourier 
Transform Infrared Spectrometer (JASCO 
International, FTIR – 6800) was scanned 
throughout the frequency range 400-4000cm

-1
 

with a resolution of 4cm-1. The spectrum was 
acquired utilizing the Spectra Manager TM cross-
platform, which allows for labeling spectra peaks 
with their associated wave number. 

 
3. RESULTS AND DISCUSSION 
 
As indicated in the experimental section, 
lignosulfonate nanoparticles were collected in 
colloidal form. SEM and dynamic light scattering 
were used to characterize the surface 
morphological characteristics, suspension 
particle size, and stability. When tetrahydrofuran 
was utilized as a solvent, the size of the 
lignosulfonate nanoparticles varied from 275 to 
411 nm. In another experiment, using ethanol as 
the solvent, the size of lignosulfonate 
nanoparticles was measured to be between 234 
and 294 nm. Similarly, the concentration of 
lignosulfonate used in the procedure affects the 
size of the nanoparticles formed. The 
polydispersion index of nanoparticles was less 
than one, suggesting that they were more stable 
and regular under the varied lignosulfonate 
concentrations and solvents utilized in the study 
(Table 1, Fig 2 and Fig 3). Scanning electron 
micrographs of nanoparticles revealed a 
spherical shape (Fig 4 and 5). However, regular 
spherical nanoparticles were detected when 
tetrahydrofuran was employed as the solvent. 
When ethanol is used as a solvent to create 
nanoparticles, the particles are smaller than 
when tetrahydrofuran is used. The solvent–water 
interaction, the solvent's velocity of diffusion into 
the water, the solvent's viscosity, and the 
supersaturation level all contribute to the size of 
lignin nanoparticles. Solvents having a higher 
diffusion rate into the water, a more significant 
number of hydrogen bonds with lignin and a 
higher supersaturation level in lignin's aqueous 
solution result in smaller particles. In the 
experiment, ethanol may have a quicker and 
more uniform diffusion rate than tetrahydrofuran 
in an aqueous lignin solution, resulting in a faster 
supersaturation rate, which may lead to smaller 
particles [18]. Due to its increased 
hydrophobicity, lignin with a greater molecular 
weight contributes to a quicker nucleation rate 
during self-assembly [19]. 
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Fig. 1. Sequence of Processes involved in the purification of black liquor from the paper pulping industry and synthesis of lignosulfonate 

nanoparticles utilizing tetrahydrofuran and ethanol as solvents and water as anti-solvent 
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Table 1. Particle size and polydispersity index of lignosulfonate nanoparticles prepared 
through tetrahydrofuran and ethanol through solvent exchange method 

 

Solvents used in 
solvent 
exchange 
method 

Particle size (nm)* Poly Dispersity Index* 

Concentration of lignosulfonate (%) 

20 40 60 20 40 60 

Tetrahydrofuran  306±10.2 275±11.9 411±14.4 0.434±0.017 0.439±0.011 0.430±0.012 
Concentration of lignosulfonate (%) 

Ethanol 10 30 60 10 30 60 
234±3.3 284±5.9 294±5.6 0.420±0.009 0.370±0.004 0.428±0.018 

* mean of triplicates 
 

Self-assembly of nanoparticles refers to the 
production of an ordered structure from randomly 
oriented units due to non-covalent internal 
interactions. Lignin is a supramolecular structure 
isolated from plant biomass using acid, alkali, 
lime, and hydrogen peroxide as pretreatments. 
The cleavage of the β-O-4 linkage in lignin during 
pretreatment results in forming a positive carbon 
center in the aliphatic chain of the lignin 
backbone, which forms a C-C covalent bond with 
the electron-rich carbon of the guaiacyl unit. This 
mechanism increases the stability and 
recalcitrance of the lignin molecule. Weak forces 
such as π-π staking, van der Waals forces, and 
hydrophobic contacts all contribute to the self-
assembly of lignin sulfonate molecules in the 
solvent – anti-solvent approach. In pulping 
industries, sulfonation results in decreased 
surface free energy for lignin molecules, 
promoting weak interactions and self-assembly 
of lignin molecules [20]. 
 
Fourier Transform Infrared spectra of 
lignosulfonate revealed many hydroxyl groups in 
lignin nanoparticles through the solvent 
exchange method (Fig 6 and 7). The peak at 

3804 cm 
-1

 corresponds with the stretching band 
–OH group, while the broadening of the hydroxyl 
peak in the self-assembly nanoparticles explains 
the exposure of more aliphatic and phenolic 
hydroxyl groups during self-assembly. The peak 
represented carboxyl groups at 3015 and 2865 
cm 

-1
 in the bulk black liquor samples. The 

smoothening of such in the lignosulfonate 
nanoparticles exhibits the involvement of cross-
linking of carboxyl groups [21]. The peak at 1739 
cm 

-1
 represents the presence of carbonyl groups 

in the lignosulfonates, the appearance of the 
peak at 526cm

-1
 confirmed the presence of the 

sulfonate group in the black liquor sample, while 
the peak for sulfonic group was weak in the 
nanoparticles which explain the involvement of 
the sulfonic group in hydrogen bonding [22]. The 
smoothening and weakening of corresponding 
peaks to hydroxyl, carbonyl and sulfonic groups 
in the nanoparticles confirmed the self-assembly 
of nanoparticles. Sulfonic groups were also found 
at 553 cm

-1
 in the nanoparticles prepared with 

ethanol as a solvent. Peak found at 1634 cm
-1 

shows the presence of C=C Stretching of an 
aromatic ring. Ring deformation mode was also 
found at 1045 cm

-1
. 

 

   
 
Fig. 2, 3. Particle size of lignosulfonate nanoparticles using ethanol (left) and tetrahydrofuran 

(right) as a solvent during solvent exchange method 
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Fig. 4, 5. Electron microscope image of (spherical morphology) of lignosulfonate nanoparticles 
using ethanol (left) and tetrahydrofuran (right) as a solvent during solvent exchange method 

 

 
 

Fig. 6, 7. Fourier Transform Infrared spectroscopy graph of lignosulfonate nanoparticles using 
ethanol (left) and tetrahydrofuran (right) as a solvent during solvent exchange method 

 
The peak at 2903 cm

-1
 corresponds to the 

presence of C-H stretching groups in the sample 
[23]. Hydroxyl groups of phenolic and 
carboxylate groups were found at 3362 cm

-1
. 

Peaks at 3351 cm
-1

, 1452 cm
-1 

and 1383 cm
-1 

showed asymmetric C-H scissoring vibrations of 
CH3-N

+
 moieties and CH

2 
scissoring mode, 

indicating the presence of a long aliphatic chain 
cetyl trimethyl ammonium bromide structure [24]. 
The peak at 2918 cm

-1
 shows asymmetric (Vas 

(CH2, d
-
) stretching, while the spectral peak at 

2899 cm
-1

, 2928 cm
-1

 and 2977 cm
-1

 showed the 
presence of (C-H) stretching groups in the 
sample. Peak found at 609 cm

-1
 shows the 

presence of sulfonic groups (S-O stretching 
vibration) in the lignosulfonate nanoparticles (Fig 
6). The self-assembly spectral peaks in the self-
assembly showed the characteristic weakening 
of peaks during the involvement hydrogen 
bonding between solvent and lignin interactions 
or between lignin molecules [25]. 

4. CONCLUSION 
 

The paper pulping industry produces 400 liters of 
black liquor for every ton of wood biomass 
processed. Black liquor's by-products should be 
efficiently exploited to enhance value and make 
the business more sustainable. However, lignin 
is underused in heat-generating applications. 
The research was conducted to develop 
lignosulfonate-based nanoparticles for efficient 
agrochemical delivery in this context. The 
nanoparticles were synthesized utilizing the 
solvent exchange approach using 
tetrahydrofurans and ethanol. The use of ethanol 
as a solvent lead in smaller particles, whereas 
tetrahydrofuran results in particles with a 
standard spherical form. To stimulate self-
assembly of ligno nanoparticles, water was 
utilized as an antisolvent. However, nanoparticle 
recovery is reduced, necessitating optimizing the 
solvent-antisolvent ratio and pH conditions. The 
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intense UV resistance of lignin nanoparticles 
protects active molecules entrapped in lignin 
particles from photolysis and oxidation. 
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