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Lignin: Nature's versatile polymer as a potent
chemical platform for 21st century challenges

he rise in the global human population and con-

current spike in industrialization continue to lead

to increased consumption of fossil fuels—an

event with unfortunate and inevitable accom-
panying environmental burdens. Lignocellulosic biomass,
a naturally abundant, ubiquitous, and renewable resource,
has long been touted to sustainably replace fossil fuels as a
materials and energy feedstock. However, its major constit-
uent—ocellulose—lies locked within an amorphous poly-
meric glue known as lignin whose principal function is to
accommodate voids in the plant/woody cell wall. Lignin
is a large portion of the secondary cell wall that displays a
highly heterogeneous and amorphous molecular character
endowing it with the dubious distinction of being virtually
irrelevant for high-value applications.

Nevertheless, lignin exhibits numerous attractive prop-
erties, such as high carbon content, high thermal stability,
biodegradability, antioxidative properties, and favorable
stiffness. These advantages have recently motivated an
emerging bioeconomy community interest in valoriz-
ing it. Despite its enormous potential, lignin is not fully
utilized, and only a small percentage—Iless than 2%—of
the approximately 70 million tons of lignin produced
in the pulp & paper industry is employed in high value
applications like concrete additives, stabilizing agents,
dispersants, and surfactants.The remainder is normally
incinerated for fuel value.

In truth, the complex and random structures of lignin
pose serious challenges in any considerations for valori-
zation because its native structure depends strongly on
biogenics, i.e., plant species and local and seasonal varia-
tions. Importantly, pretreatment or pulping performed on
lignocellulose causes extensive changes in the original
structure. Indeed, isolated technical lignin likely possesses
quite a different chemical connectivity than that of origi-
nal lignin. Fortunately, nowadays, much is known about
the structural features of native and, to a lesser extent,
technical lignin. Such structural information offers a very

useful guide for the design of valorization strategies.

Because lignin has not attained its full valorization
potential and therefore warrants further attention, it is
exciting to witness a renaissance in its investigation by the
scientific community as seen by the proliferation of work
over the last five years.This special issue of TAPPI Journal
therefore attempts to present an innovative body of work
covering lignin research to catalyze continued research
efforts to seek valuable approaches to exploit existing and
modified properties.

Versatility of lignin showcased in this issue

The selections for this special issue highlight fundamental
as well as applied aspects of lignin research.Among the
fundamental efforts, it was demonstrated that after specific
phase separation of poplar and Masson pine lignin, struc-
tural characteristics with respect to functional units and
types of linkages are more accurately identified. Remark-
ably, a very unusual application after this discovery was
exploited in the field of biomedical applications, thereby
addressing the grand challenge of human health. It was
shown that adsorption differences to bovine serum albu-
min (BSA) existed that could be ascribed to various lignin
functional units. Such a finding has enormous potential
implications for use in enzyme assays, biomedical micro-
and nanodevice tagging, and fluorescence labeling.

In a similar vein to the latter biomedical application,

a higher radical-scavenging lignin, (i.e., having a high
anti-oxidative capacity) was obtainable through ethanol/
formic acid treatment. Interestingly, the as-obtained lignin
had an unusually high phenolic content that was likely
responsible for its radical-scavenging ability.

With respect to the grand challenge of water purification,
it was shown that kraft lignin from bamboo could be modi-
fied with grafted acrylic acid to sequester organic pollutants
such as aniline.Additionally, it could be magnetized for the
removal of common heavy metals in industrial effluents.

Finally, one of the advanced applications shown in our
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selection is the development of a lignin-based catalyst.
Nanoscopic magnesium oxide (MgO) was used as a hard
template to synthesize a lignin-based carbon-based solid
acid catalyst that was shown to present very tunable pore
sizes and facile removability through a diluted non-cor-
rosive acid solution treatment.The solid acid displayed a
sufficiently uniform porous morphology and a smooth sur-
face that could be used, for example, for cellulose hydroly-
sis in the production of bioethanol, thus addressing in a
green and sustainable way the grand challenge of energy.

It is our earnest hope that the selections in this special
issue will excite the broader emerging bioeconomy com-
munity to investigate the remarkable chemical and physi-
cal plasticity/tunability of lignin. Not only is lignin nature’s
most idiosyncratic space-accommodating biopolymer, but
its biosynthesis is sufficiently unique to provide morpholo-
gies, structural motifs, and molecular weights that can be
cleverly manipulated. By continued intense exploration
and multidisciplinary efforts within the unique playground
of lignin, it may be possible to endow it with sufficiently
advanced properties to tackle a number of the grand chal-
lenges of the 21st century. TJ
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TAPPI and the TAPPI Journal Editorial Board and staff would like to recognize the
following peer reviewers for their input and participation in the TJ peer review process during 2018.

The thoughtful comments and critiques provided by our peer reviewers reflect the expertise of individuals,
academic institutions, and research facilities from around the world. We sincerely thank them for their time and
dedication to this process, which serves to advance science within the forest products and related industries.
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