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Introduction

Modern society requires feedstocks to ensure the
effective function of the modern industrial society. The
most promising, natural and renewable resource of
feedstock is lignocellulosic materials. A considerable
amount of such materials are being generated as
aby-product by various agro based industries. (Pérez et
al., 2002). One of the comman practice to disposed
much of this lignocellulosic biomass is by burning
process; this practice is so comman and it not restricted
to developing countries alone. However, due to its
renewable nature, lignocellulose material has gained
interest and special importance from research and
economic point of view (Asgher et al, 2013;
Ofori-Boateng and Lee, 2013). Therefore, instead of
burned int he fields, huge amounts of lignocellulosic
biomass can potentially be converted into different high
value products including biofuels, value added fine
chemicals, and cheap energy sources for microbial
fermentation and enzyme production. (Igbal et al., 2013;
Irshad et al., 2013; Isroi et al., 2011).

Structure and Chemistry of Lignin

Lignocellulosic materials including agricultural wastes,

forestry residues, grasses and woody materials are
mostly composed of three major units i.e., cellulose,
hemicellulose and lignin. For most of the agricultural
lignocellulosic biomass, the composition of lignini is
about 10-25%, hemicellulose is 20-30%, and cellulose is
40-50% (Igbal et al., 2011; Kumar et al., 2009; Malherbe
and Cloete, 2002).

Figure 1 shows the the illustration of lignin, cellulose and
hemicellulose in lignocellulosic biomass. Lignin contains
three aromatic alcohols (coniferyl alcohol, sinapyl
alcohol and p-coumaryl alcohol) produced through a
biosynthetic process and forms a protective seal around
cellulose and hemicelluloses. As a major structural
component of plant cell walls, celluose responsible for
mechanical strength of the biomass. Hemicellulose
macromolecules are often repeated polymers of
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pentoses and hexoses within the plant cell wall
(Calvo-Flores and Dobado, 2010; Jiang et al., 2010 ;
Menon and Rao, 2012).
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Fig. 1. Diagrammatic illustration of the framework
of lignocellulose; cellulose; hemicellulose and lignin.
Source: Menon and Rao, 2012.

Although  lignin  only
representing about
10-25% of the biomass by
weight Figure 2. It is the
most complex material
with its long-chain and
heterogeneous polymer
that composed of
phenyl-propane, methoxy
groups and non-carbohydrate poly phenolic substance
units most commonly linked by ether bonds. Lignin
chains fills the gap between and around the cellulose
and hemicellulose complexion and acts as a glue for all
cell walls components (Hamelinck et al., 2005).

Processing of Lignin

Lignin is processed using different chemical processes,
and each process has its own advantages and
disadvantages (Pinkert et al., 2011). Three major
processes for extraction of lignin are sulfite, kraft, and

Fig. 2. Lignin
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soda. These processes follow either an acid- or
base-catalyzed mechanism to break complex lignin
structure into low molecular weight fractions and lignin
physicochemical properties are affected by these
processes (Lora and Glasser, 2002; Doherty et al., 2011).

Sulfite process is an acid catalyzed process that involves
the cleavage of the a-ether linkages and B-ether linkages
of lignin. Traditionally, sulfite process has been used in
pulping industries and lignin is a byproduct pulping
process (Doherty et al., 2011). Three main reactions
have been found to take place in the pulping process; (1)
reaction between free sulphurous acid and lignin
leading to the formation of lignosulfonic acid, (2) soluble
lignosulfonates formation with cations (e.g., Mg, Na, or
NH4*), and (3) lignosulfonates fragmentation. In
addition to the formation of lignosulfonates in the
sulfite process, degraded carbohydrates are also
produced in this reaction (Doherty et al., 2011; Botros et
al., 2006).

Kraft process which is frequently used for the
preparation of lignin.Unlike lignosulfonates from sulfite
process, kraft lignin produced using craft pulping has
been found to exhibit a dark color as most of the time
lignin degraded and dissolved into black liquor (Huang
et al., 2004). It is insoluble in water and solvent but
dissolved in alkali solutions owing to the high
concentration of phenolic hydroxyl groups present in
kraft lignin. Compared to other types of lignins, kraft
lignin contains the highest quantity of the phenolic
hydroxyl groups.

Lignin possesses significant potential for being a
component of value-added products; however, there
has been little success in creating lignin-derived high
performance materials. Various researchers have
synthesized and characterized lignin containing
polymers. Rigid lignin molecules were blended with
flexible polymers (Feldman and Lacasse, 1994) and
subsequently crosslinked (Kelley et al., 1990; Rials and
Glasser, 1984; Hofmann and Glasser, 1994) or
copolymerized to form polyurethane, (Reimann et al.,
1990; Bonini et al., 2005) polyesters (Bonini et al., 2005)
and other copolymers (de Oliveira and Glasser, 1994;
Thielemans and Wool, 2005) of different morphologies
including interpenetrating polymer networks. However,
most of these reported lignin-derived polymers were
thermosets and brittle materials, i.e. barely recyclable.

The brittleness of these materials is related to the high
crosslink density due to the low molecular weight of the

lignin segments. The highly polydisperse molecular
weight of lignin molecules was likely the primary
hindrance to synthesizing recyclable high-performance
lignin  copolymers. Lignin-containing recyclable
thermoplastics have not been developed, while such
products will have a significant impact on lignin usage as
new advanced bio-derived polymers.

The other challenge in using lignin in composites is the
poor dispersion of lignin attributed to its propensity to
self-aggregate. Lignin is an irregular polymer made up of
substituted phenyl rings and phenolic and aliphatic
hydroxyl groups, and aggregation is likely due to
intermolecular association from hydrogen bonding
between the carboxylic acid groups and various ether
oxygens and hydroxyl groups, van der Waals attraction of
polymer chains, and n—n stacking of aromatic groups
(Lindstromn, 1979; Deng et al., 2012). Modification of
lignin by esterification (Thielemans and Wool, 2005)
etherification (Lora and Glasser, 2002) has been used to

improve its dispersion in thermoplastics and
thermosetting materials and leads to improved
performance in composite  materials. Graft

polymerization is an attractive approach to covalently
modify the surface of lignin, resulting in a lignin based
copolymer that can be used in a broader range of
applications, and allows for the design of novel
materials with tailored properties (Kim and Kadla, 2010;
Nemoto et al., 2012).

Applications of Lignin-Based Polymer
Composites

Depending upon the applications, the nature of the
matrix varies from a synthetic to a natural polymer
(Kadla et al., 2002). For most of the applications, the
matrix is obtained from synthetic polymers, and very
recently, biopolymers are being used as the matrix
material (Yue et al.,, 2012). In general, the reinforcing
materials are fibers, either synthetic or natural. Both the
polymer matrix and the reinforcement have been found
to play an important role in determining the overall
physicochemical properties of the composites
(Chaochanchaikul et al., 2012; Marklund et al., 2008).

Lignin-based polymer composites have received the
interest of the research community all over the world
(Megiatto et al., 2008; Park et al., 2008; Nenkova, 2007).
Intense efforts are being made to use lignin as a low cost
eco-friendly reinforcement to prepare high performance
composites (Morandim et al., 2012; Pupure et al., 2013;
Stiubianu et al., 2009). However, for some applications, it
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is often difficult to blend lignin with other systems such as biopolymers. Some researchers have made efforts to
modify lignin with different techniques in order to make it compatible with the polymer matrices (Adcock et al.,

2003; Batog et al., 2008).
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a) Wind turbine blade

b) Lignin-based plastic packaging

c) Building structure

- d) Automative door trim part

Fig.3. Applications of Lignin-Based Polymer Composites

| Conclusion )

Biorenewable materials have been frequently used as
low cost reinforcement for polymer composite
applications. Most of the environmental friendly
polymer composites designed for different applications
are based on natural cellulosic fibers. Along with these
cellulosic fibers, lignin is a promising alternative for
traditional petrochemical-based reinforcement
material.

Lignin, cellulose and hemicellulose are the major
components of natural polymers that provide strength
and rigidity to plant stems. Lignin is the most abundant
byproduct of the paper industry because it was
produced during the processes aimed at retrieving the
polysaccharide component of plants.

Recently, researchers have started exploring the use of
lignin as potential reinforcement in polymer
composites. The inherent properties of lignin being
biodegradable, CO2 neutral, available abundantly in
industrial waste, low in cost, and environmentally
friendly, and having antioxidant, antimicrobial, and
stabilizer properties make lignin a promising low cost
reinforcement. Due to the above-stated advantages,
lignin-based polymer composites are promising as a
new class of environmentally friendly, low cost,
composite materials.

18

References

Adcock, T., Shah, V., Chen, M. 1., & Meister, . J. (2003). Graft copoly-
mers of lignin as hydrophobic agents for plastic (wood-filled)
composites. Journal of Applied Polymer Science, 89, 1266-1276.

Asgher, M., Ahmad, Z., & Igbal, H. M. N. (2013). Alkali and enzymatic
delignification of sugarcane bagasse to expose cellulose polymers for
saccharification and bio-ethanol production. Industrial Crops and
Products, 44, 488-495.

Batog, J., Kozlowski, R., & Przepiera, A. (2008). Lignocellulosic
composites bonded by enzymatic oxidation of lignin. Molecular
Crystals and Liquid Crystals, 484, 401-408.

Bonini, C., D’Auria, M., Emanuele, L., Ferri, R. Pucciariello, R., & Sabia,
A. R. (2005). Polyurethanes and polyesters from lignin. Journal of
Applied Polymer Science, 98, 1451-1456.

Botros, S. H., Eid, M. a. M., & Nageeb, Z. A. (2006). Thermal stability
and dielectric relaxation of natural rubber/soda lignin and natural
rubber/thiolignin composites. Journal of Applied Polymer Science,
99, 2504-2511.

Calvo-Flores, F. G., & Dobado, J. A. (2010). Lignin as renewable raw
material. Chem Sus Chem, 3(11), 1227-1235.

Chaochanchaikul, K., Jayaraman, K., Rosarpitak, V., & Sombatsom-
pop, N. (2012). Influence of lignin content on photodegradation in
wood/HDPE composites under UV weathering. Bioresources, 7,
38-55.

Deng, Y., Feng, X, Yang, D., Yi, C., & Qiu, X. (2012). Pi-pi stacking of
the aromatic groups in lignosulfonates. Bioresources, 7 (1),
1145-1156.

de Oliveira W., & Glasser, W. G. (1994). Multiphase Materials with
Lignin .2. Starlike Copolymers with Caprolactone. Macromolecules,
27, 5-11.



ARTICLES

Doherty, W. O. S., Mousavioun, P., & Fellows, C. M. (2011). Value-
adding to cellulosic ethanol: Lignin polymers. Industrial Crops and
Products, 33, 259-276

Feldman, D., & Lacasse, M. A. (1994). Polymerfiller interaction in
polyurethane kraft lignin polyblends. Journal of Applied Polymer
Science, 51, 701-709.

Hamelinck, C. N., Hooijdonk, V.,&Faaij, A. P. C. (2005). Ethanol from
lignocellulosic biomass: techno-economic performance in short,
middle and long-term. Biomass and Bioenergy, 28, 384-410.

Hofmann, K., & Glasser, W. (1994). Engineering plastics from lignin,
23. Network formation of lignin-based epoxy resins. Macromolecular
Chemistry and Physics, 195, 65-80.

Huang, J., Zhang, L., Wei, H., & Cao, X. D (2004). Soy protein
isolate/kraft lignin composites compatibilized with methylene diphe-
nyl diisocyanate. Journal of Applied Polymer Science, 93, 624-629.

Igbal, H. M. N., & Asgher, M. (2013). Characterization and decoloriza-
tion applicability of xerogel matrix immobilized manganese peroxi-
dase produced from Trametes versicolor IBL- 04. Protein & Peptide
Letters, 5, 591-600.

Igbal, H. M. N., Kyazze, G., & Keshavarz, T. (2013). Advances in valori-
zation of lignocellulosic materials by bio-technology: an overview.
BioResources, 8, 157-3176.

Igbal, H. M. N., Ahmed, I, Zia, M. A., & Irfan, M. (2011). Purification
and characterization of the kinetic parameters of cellulase produced
from wheat straw by Trichoderma viride under SSF and its detergent

compatibility. Advances in Bioscience and Biotechnology, 2, 149-156.

Isroi, M. R., Syamsiah, S., Niklasson, C., Cahyanto, M. N.,Lundquist,
K., & Taherzadeh, M. J. (2011). Biological pretreatment of lignocellu-
loses with white-rot fungi and its applications: a review. BioRe-
sources, 6, 5224-5259.

Jiang, G., Nowakowski, D. J., & Bridgwater, A. V. (2010). A systematic
study of the kinetics of lignin pyrolysis. Thermochimica Acta, 498,
6-66.

Kadla, 1. F,, Kubo, S., Venditti, R. A., Gilbert, R. D., Compere, A. L., &
Griffith, W. (2002). Lignin-based carbon fibers for composite fiber
applications. Carbon, 40, 2913-2920.

Kelley, S. S., Ward, T. C., & Glasser, W. G. (1990). Multiphase materials
with lignin. VIII. Interpenetrating polymer networks from polyure-
thanes and polymethyl methacrylate. Journal of Applied Polymer
Science, 41, 2813-2828.

Kim, Y. S., & Kadla, J. F. (2010). Preparation of a thermoresponsive
ligninbased biomaterial through atom transfer radical polymeriza-
tion. Biomacromolecules, 11, 981-988.

Kumar, P, Barrett, D. M., Delwiche, M. 1., & Stroeve, P. (2009).
Methods for pretreatment of lignocellulosic biomass for efficient
hydrolysis and biofuel production. Industrial & Engineering Chemis-
try Research, 48, 3713-3729.

Lindstromn, T. (1979). The colloidal behaviour of kraft lignin. Colloid
Polymer Science, 257, 277-285.

Lora, J. H., & Glasser, W. G. (2002). Recent industrial applications of
lignin: A sustainable alternative to nonrenewable materials. Journal
of Polymers and the Environment, 10, 39-48.

Malherbe, S., & Cloete, T. E. (2002). Lignocellulose biodegradation:
fundamentals and applications. Reviews in Environmental Science
and Biotechnology, 1, 105-114.

Menon, V., & Rao, M. (2012). Trends in bioconversion of lignocellu-
lose: biofuels, platform chemicals & biorefinery concept. Progress in
Energy and Combustion Science, 38, 522-550.

Marklund, E., Eitzenberger, 1., & Varna, J. (2008). Nonlinear viscoelas-
tic viscoplastic material model including stiffness degradation for
hemp/lignin composites. Composites Science and Technology, 68,
2156-2162.

Megiatto, J. D., Silva, C. G., Rosa, D. S., & Frollini, E. (2008). Sisal
chemically modified with lignins: Correlation between fibers and
phenolic composites properties. Polymer Degradation and Stability,
93,1109-1121.

Morandim-Giannetti, A. A., Agnelli, ). A. M., Lancas, B. Z., Magna-
bosco, R., Casarin, S. A., & Bettini, S. H. P. (2012). Lignin as additive in
polypropylene/coir composites: Thermal, mechanical and morpho-
logical properties. Carbohydrate Polymers, 87, 2563-2568.

Nemoto, T., Konishi, G., Tojo, Y., An, Y. C., & Funaoka, M. (2012).
Functionalization of lignin: Synthesis of lignophenol-graft-poly
(2-ethyl-2-oxazoline) and its application to polymer blends with
commodity polymers. Journal of Applied Polymer Science, 1

23, 2636-2642.

Nenkova, S. (2007). Study of sorption properties of lignin-derivatized
fibrous composites for the remediation of oil polluted receiving
waters. Bioresources, 2, 408-418.

Ofori-Boateng, C., & Lee, K. T. (2013). Sustainable utilization of oil
palm wastes for bioactive phytochemicals for the benefit of the oil
palm and nutraceutical industries. Phytochemistry Reviews, 1-18.

Park, Y., Doherty, W. O. S., & Halley, P. J. (2008). Developing
ligninbased resin coatings and composites. Industrial Crops and
Products, 27, 163-167.

Pe‘rez, )., Munoz-Dorado de la Rubia, T, & Marti'nez, J. (2002).
Biodegradation and biological treatments of cellulose, hemicellulose
and lignin: an overview. International Microbiology, 5, 53-63.

Pinkert, A., Goeke, D. F, Marsh, K. N., & Pang, S. (2011). Extracting
wood lignin without dissolving or degrading cellulose: investigations
on the use of food additive-derived ionic liquids. Green
Chemistry,13, 3124.

Pupure, L., Varna, 1., Joffe, R., & Pupurs, A. (2013). An analysis of the
nonlinear behavior of lignin-based flax composites. Mech. Compos-
ites Materials, 49, 139-154.

Reimann, A., Moerck, R., Hirohisa, Y., Hatakeyama, H., & Kringstad, K.
P. (1990). Kraft lignin in polyurethanes. Ill. Effects of the molecular
weight of PEG on the properties of polyurethanes from a kraft
lignin—PEG—MDI system. Journal of Applied Polymer Science, 41,
39-50.

Rials, T. G., & Glasser, W. G. (1984). Engineering Plastics from Lignin
- V. Effect of Crosslink Density on Polyurethane Film Properties-
Variation in Polyol Hydroxy Content. Holzforschung, 38, 263-269.

Thielemans, W., & Wool, R. P. (2005). Lignin Esters for Use in Unsatu-
rated Thermosets: Lignin Modification and Solubility Modeling.
Biomacromolecules, 6, 1895-1905.

Stiubianu, G., Cazacu, M., Cristea, M., & Vlad, A. (2009). Polysiloxane
—lignin composites. Journal of Applied Polymer Science, 113, 2313-
2321.

Yue, X., Chen, F, & Zhou, X. (2012). Synthesis of lignin-g-MMA and
the utilization of the copolymer in PVC/wood composites. Journal
Journal of Macromolecular Science, Part B. 51, 242-254.




