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This handbook provides a comprehensive and up-to-date understanding of lignin
and its dynamic role in modern science and industry. Lignin, a complex and
abundant plant polymer, has been widely researched for its diverse applications in
areas such as biofuels, composite materials, and carbon fibers. Despite its immense
potential, there is still a great deal of unexplored research on lignin. With growing
global emphasis on sustainability, lignin has emerged as a promising renewable
resource for energy and as a valuable raw material for chemicals and advanced
materials. This handbook provides a comprehensive overview of lignin,
encompassing its structure, extraction methods, and characterization techniques,
functionalization, surface modification, and properties of lignin-based materials.
The functionalization of lignin covers different chemical and physical modification
techniques, including oxidation, esterification, and grafting. It also discusses the
different functional groups of lignin and their modification to enhance specific
material properties. Furthermore, the surface modification of lignin-based materials
is explored through the use of nanotechnology and other advanced techniques to
enhance their functionality and performance. It also explores how the surface
properties of lignin-based materials can be modified to enhance their functionality
and performance. It also discusses the potential applications of lignin-based mate-
rials in various industries, such as the automotive, packaging, and construction
industries. Latest research and developments in the field of lignin-based materials,
along with an in-depth understanding of their potential applications in various
industries including automotive, packaging, and construction, are also covered.

Overall, this handbook is intended for researchers, students, and professionals in
chemistry, materials science, biology, and environmental science who are interested
in the dynamic field of lignin and its diverse applications in various fields.

We extend our sincere gratitude to all the qualified researchers, scholars, and
experts who contributed their valuable work. The chapters compile cutting-edge
research findings on lignin and its applications in various fields. We have compiled
contributions from eminent authors on lignin and related research from countries
including Spain, Iran, Iraq, Portugal, Australia, India, Malaysia, Saudi Arabia,
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Indonesia, Egypt, Morocco, Brazil, France, China, Sweden, Ireland, Pakistan, South
Korea, and Bangladesh, resulting in a globally informed and richly contextualized
resource.

Al Ain, United Arab Emirates Mohammad Jawaid
Al Kharj, Saudi Arabia Akil Ahmed
Dhahran, Saudi Arabia Aatikah Meraj
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Thermoelectric generators (TEGs), 1506
Thermoelectric materials
eco-friendly conversion of CNTs,
functionalized lignin biopolymers,
15221524
hybrid organic-inorganic thermoelectric
materials, 1511
inorganic, 1510
lignin, solar driven thermoelectric
generation, 1521-1522
lignin-derived hydrogels, 1518-1521
lignin-derived ionic conducting membranes
for thermoelectric applications,
1507-1508
organic, 1510-1511
Thermoelectric structures, lignin, 1512—-1513,
1526
carrier mobility, 1514
composite formation, 1513—-1514
doping and conductivity, 1513
nanostructuring, 1513
sustainability and cost-effectiveness, 1514
thermal stability, 1514
Thermogravimetric analysis (TGA), 57,
384-386, 460, 647, 721, 724, 730, 845,
846, 858, 876, 892, 1221, 1222
Thermogravimetric analysis-fourier transform
infrared (TGA-FTIR), 390-391
Thermo-mechanical pulp, 282, 295, 1047
Thermoplastics, 1102
Thermos-desorption (TD) tubes, 387
Thin-film cells, 990
Thin-film solar cells, 988
Third-generation solar cells, 988
Thomson coefficient, 1509
Thomson effect, 1508—1509
3-aminopropyl triethoxysilane (APTES), 622
3D bioprinting, 751
3D macromolecular structure, 1406
3D printing, 1360-961, 1362
3D structure of lignin, 1036
TiO, photocatalyst, 972
Tissue engineering, LNP applications,
1331-1333
alginate-lignin system, 1333—-1334
lignin hydrogels, 1334-1335
tissue grafting, 1333
Tissue grafting, 1333
Titanium dioxide (Ti02), 972
Titanium oxide, 1077
TMP-BIOTM, 922
Torrefaction, 1267, 1283
lignin to solid fuel pellet, 1279-1280
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TOSC technique, 1292
Total heat release, 600
Total reducing sugars (TRS), 1171
Traditional applications of lignin, 1355-1356
construction and composite materials,
historical uses in, 1359
lignin-based fuels and chemicals,
1358-1359
pulp and paper industry, lignin in, 1356-1358
Trametes maxima, 1425
Trametes versicolor laccase, 1416
Transmembrane pressure (TMP), 1470
Transmission electron microscopy (TEM), 322,
404, 840
Tree bark, 1038
Triangular nanoparticles, 421
Trimethylolpropane triacrylate, 1410
2,4,6-Trinitrotoluene (TNT), 622
Trypsin, 326
Twin-screw extruder, 1101
Two-dimensional heteronuclear single quantum
coherence (2D HSQC) NMR
spectroscopy, 25, 530
Types of lignin
Bjorkman lignin, 79
Braun’s lignin, 79
Brown rot lignin, 79
Klason lignin, 79
Kraft lignin, 80

U
Ultrafiltration membranes, 1452, 1455
Ultrafiltration (UF), 59, 1469, 1470, 1473-1477
Ultra-high UV, 1076
Ultrasonication, 415, 926, 1325
Ultrasound assisted DES extraction, 1497
Ultraviolet (UV), 467
absorbers, 1066, 1067, 1069-1073, 1078,
1079
aging mechanism of polymers, 1067-1069
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