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Pulp & Paper Industry, all over the world is under severe
pressure on three Es viz. Energy, Environment & Ecology.
Various approaches comprising of process development/modi-
fication, equipment modification/improvement, waste manage-
ment, internal and external treatment etc. are increasingly
adopted to reduce the severity of the issues involved.

The basic processes involved in the pulp & paper Industry
are physical, chaemical, mechanical & bilological. Of late
biological orocesses comprising of use of micro-organisms

& enzymes under the head bio-technology are investigated

in oreater detail for aoplication in the Pulp & Paper

Industry.

Pulp & Paper Industry for its requirements to manufacture

paper & board is devendent on Ligno—cellulosic materials.

The objective in the most simple terms is to remove the

lignin so thet the material is reduced to a fibrous mass. |
Most commonly this removal is effected by use of chemicals,
where lignin gets degradated & ultimately render soluble.
Incidentally the process of degradation of ligno-cellulosic
materials takes place in the nature also in which white

rot and brown rot fungi play an important part. Brown rot
fungi (Poria Placenta) mainly degrade cellulose & hemi-
celluloses with some modifications of lignin leading to
removal of minor amounts of lignin at advance stage of
decay. White rot fungi (Phahero chaete chrysosporium)
mainly attack lignin. Thus nature has provided both the
alternatives i.e. removal of either cellulose/hemicellulose
or lignin through the use of micro-organisms - what is
required is to improve the practical applicability by
selective removal. Towards increasing selectivity use of

enzymes is preferred.
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Biotechmology has many applications in the Pulp & Paper
Industry - some of the important ones are :

1.

Iree Imorovement - To improve trees researchers are

experimenting with genetic manipulation of lignin content
& composition in wood. They intend to produce wood
that pulps easier and uses less chemicals & energy. It
is believed by the molecular biologists that it would
be possible to structure a tree/fibre with desirable
traits for pulp & Paper making., The concept of genetic
manipulation of lianin would be better understood with
reference to kraft pulping process. In kraft pulping
the ease of lignin removal 1is directly proportional to
the ratio of syrinayl units to gualacyl units in the
lignin, Syringyl precursors produce a less cross
linked lignin polymer than quaiacyl precursors and it
is easier for the puloing chemicals to break down and
dissolve the polymer.

Thus angiosperms whose lignins contain both syringyl &
guaiacyl units can be pulped not only by the kraft
process but also by virtually all of the known or emerg-
ing processes with less expenditure of chemicals and
energy and in less time than gymnosperms whose lignin
consists solely of guaiacyl units. But pulps from
gymnosperms have superior fibres in terms of fibre length
& intrinsic fibre strength., Thus manipulating in lignin
composition in gymnosperms to be more like that of
angiosperms would enable easier pulping with saving in
chemicals, time and energy. Attemps could be made also
to reduce the amount of lignin formed in the wood. The
success in this area would depend in understanding of
the enzymes that control bio-synthesis. Basically tree
improvement programme is directed towards structuring
the trees with properties most suitable for pulp and
paper making.
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Debarking, Storage of wood & Biopulpino: Storage of

wood/fibrous raw materials is an essemtial part in the
manuf acture of pulp & paper. This is required in some
cases to reduce the pitch content and also to keep the
uninterrupted supply of the material to the manufactur-
ing activity. The wood storage could be in the form of
logs or chips. An important step in the use of wood 1is
debarking. Present methods employ dry/wet debarking
methods. It is believed that Enzymes can be used to
debark logs. ;

During the storage of wood, preferably when chips stora-
—ge is practiced pretreatment using white rot fungi can
be adopted. These pretreated chips can be utilized for
mechanical, semi-chemical & chemical pulping processes.
The pretreatment which helps in softening/breaking
lignin linkages would enable savings in energy and
chemicals. Experiments carried out on refiner mechani-
cal pulping with fungal pretreated chips have resulted
in 25-30 % less refining energy with pulps of improved
strength properties than controls. Enzyme Lignase

(from a fungal cell) can also be used to remove lignin
in wood to separate the Cellulosic fibres. However, most
of the work so far is confined to pretreatment for
reduction in energy & improvement in pulp orpoerties.

As mentioned earlier pitch is reduced conventionally

by seasoning during storage but yield loss & brightness
reduction are undesirable side effects. Even the
addition of a pitch control agent such as Talc does not
necessarily eliminate pitch problems. Enzymatic pitch
reduction has now reached industrial scale using NOVO
Nordisk's enzyme Resinase A. Similarly a process of
enzymatic pitch control -has been developed in Japan
where Japanese Red Pine (Pinus densiflora), an important
pulowood, having high resinous content was causing
pitch deposits during paper making.
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Biobleaching: Lignin is removed in multistage bleach-
ing processes using a combination of chlorination and
alkaline extraction stages. The effluent from such
bleaching processes is of growing environmental concern
because it contains numerous chlorinated orgaﬁic
substances including mutagenic chlorinated phenols and
dioxins. There is great interest, therefore, in elimi-
nating or atleast reducing the use of chlorine based
chemicals in bleaching. Biobleaching using fungi/enzyme
is recelving attention as an alternative to chlorine

for lignin degradation/removal. Even if complete elimi-
nation of chlorine by such a pretreatment is not possible,
a significant reduction in its usage is definitely
feasible. Studies carried out elsewhere have shown that
upto 60 % chlorine savings can be achieved in pulp
bleaching if the cellulose is pretreated with enzyme

' xylanase ' . It is believed that the xylanase "loosens "
the lignin by attacking the surrounding hemicellulose
thus making it easie¥ to remove in the chemical bleaching
step. In another study the bleaching of pulp by chlorine
containing bleaching agent was streamlined by pretreating
the pulp in conjunction with or prior tooxidation with

a lignin modifying redox enzyme e.g. Lactase produced by
white rot fungus. Hecently industrial scale trials were
conducted in a Finnish Pulp Mill using Albazyme with
20-25 % reduction in chlorine usage. Bio-bleaching in
conjunction with Oxygen, hydrogen peroxide & ozone offers
possibilities of giving environmentally friendly
process/product.,

Rayon Grade Pulo: The conventional method of removal
of hemicelluloses using alkaline extraction from

dissolving pulp may be replaced by biological alternatives.
An industrial apolication would be to use oure xylanase

to remove hemicelluloses from pulp and hence improve the
properties of regenerated cellulose.
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