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Abstract:

This lecture “Pulping of Different Raw Materials (Wood and Agro-Waste)” offers an in-depth exploration of
the conversion of lignocellulosic materials into pulp for papermaking, focusing on both conventional wood
sources and alternative agro-waste materials. It opens with a concise historical overview of papermaking,
tracing its development from early methods involving rags and plant fibres to modern industrial
techniques that predominantly use wood and agricultural residues. The lecture examines the fundamental
chemistry of pulp fibres, emphasizing the structure and roles of cellulose, hemicellulose, and lignin.
A detailed analysis of pulping methods follows, including: Mechanical processes (e.g., stone groundwood,
refiner pulping), Chemical processes (e.g., kraft, soda, and sulphite pulping), Semichemical processes
(e.g., Neutral Sulphite Semi-Chemical, NSSC). Each method is discussed with regard to its operational
mechanisms, typical applications, advantages, and environmental implications. By comparing different
pulping processes, the lecture provides a summarized data about the different pulping processes.
The lecture also highlights the importance of raw material selection in relation to resource availability,
process efficiency, and sustainability in the pulp and paper industry. This session serves as a valuable
resource for students and professionals involved in cellulose science, pulp processing, and paper
technology.

BRIEF HISTORY OF PAPERMAKING

The name “paper” comes from the reedy plant, papyrus, which the ancient Egyptians used to create the first fibrous
writing material by beating and pressing thin layers of the plant stem together. However, this process did not involve
complete defibring, a key characteristic of true papermaking. The first authentic papermaking process originated in
China around 100 AD, using a suspension of bamboo or mulberry fibres. Over time, the Chinese refined papermaking into
a skilled art, with many beautiful examples of ancient Chinese illustrations still preserved on paper.
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After several centuries, papermaking spread to the Middle East and eventually reached Europe, where cotton and linen rags
became the primary raw materials. By the early 15th century, paper mills were operating in Spain, Italy, Germany, and France.
The first paper mill in North America was established near Philadelphia in 1690. In India, the first mechanized paper mill was
set up in 1812 in Serampore, West Bengal, on the banks of the Hooghly River. Key milestones in pulping processes are given
in table 1.

Table 1. Key milestones in pulping processes

Year Milestones in pulping processes

1840 Groundwood pulping method developed in Germany — came into commercial use in the 1860s.

1854 First Manufacture of pulp from wood using the soda process. (England)

1867 Patent issued to Benjamin Thighman (USA) for the sulphite pulping process- first used commercially in 1874
1884 Kraft pulping process invented by Carl Dahl (Germany)

INTRODUCTION TO FIBRE CHEMISTRY
Cellulose

Cellulose is the primary substance in plant fibres that defines their characteristics and makes them suitable for papermaking.
It is a carbohydrate, composed of carbon, hydrogen, and oxygen, with hydrogen and oxygen in the same proportion as in
water. Cellulose is also a polysaccharide, meaning it consists of many sugar units. Its chemical formula is (C.H,0,) , where n
represents the number of repeating sugar units, or the degree of polymerization (DP). The value of n can vary depending on
the cellulose source and the treatments it undergoes. Most fibres used in papermaking have a weight-averaged DP ranging
from 600 to 1500. The repeating unit in cellulose is two consecutive glucose anhydride units, known as a cellobiose unit. Pure
cellulose can be easily hydrolyzed to glucose (C.H,.O.) under controlled acidic conditions. Fig. 1 shows the structure of cellulose
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Fig. 1: Cellulose molecule

Hemicellulose

Unlike cellulose, which is a polymer made solely of glucose, hemicelluloses are polymers composed of five different sugars:
hexoses (glucose, mannose, galactose) and pentoses (xylose, arabinose). Depending on the plant species, these sugars, along
with uronic acids, form a variety of polymeric structures. Some of these structures are linked with the cellulosic portion of the
plant, while others are more closely associated with lignin. During the chemical treatment of wood to produce pulp, the amount,
location, and structure of the hemicelluloses often undergo significant changes. Since hemicelluloses are more easily degraded
and dissolved than cellulose, their percentage in the pulp is always lower than in the original wood. Fig. 2 shows the structure

of hemicelluloses.
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Fig. 2: Structure of hemicellulose
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Lignin

The term “holocellulose” refers to the total carbohydrate content found in fibres. Along with holocellulose, woody plant materials
also contain lignin, an amorphous, highly polymerized substance. Lignin plays a key role in forming the middle lamella, the
intercellular material that binds the fibres together, and is also present within the cross-section of the fibre. The chemistry
of lignin is highly complex, consisting mainly of phenylpropane units linked in three-dimensional structures. Structure of a
lignin molecule is shown in Fig. 3. The structural studies of lignin reveal that it is composed of three basic phenylpropanoid
monomers, syringyl, guaiacyl, and hydroxyphenyl units, derived from sinapyl, coniferyl, and p-coumaryl alcoholic precurcors
(Fig. 4) respectively with the incorporation of other phenolic compounds such as hydroxy cinnamaldehydes, hydroxy cinnamyl
p-coumarates, hydroxycinnamyl p—hydroxybenzoates and 5- hydroxyconiferyl alcohol. During chemical pulping, the linkages
between the propane side chains and the benzene rings in lignin are broken, allowing the cellulosic fibres to be freed.
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(a) p -coumaryl alcohol
ho ° (b) coniferyl alcohol
Fig. 3: Structure of lignin (c) sinapyl alcohol.
Extractives

Native fibres, in addition to holocellulose and lignin, may also contain various other substances, such as resin acids, fatty acids,
terpenoid compounds, and alcohols, depending on the plant source. These substances are typically soluble in water or neutral
organic solvents and are collectively known as extractives.

RAW MATERIAL PREPARATION FOR PULPING
Bark removal

Bark is usually not used in papermaking because it can cause problems during both the pulping and papermaking processes.
To avoid these issues, bark is removed from logs before pulping. The machines used for this task are called debarkers. There are
two main types of debarkers (i) hydraulic and (ii) mechanical, each using different methods to strip bark from the logs.

Chipping

The first step in making chemical pulp is chipping the logs. Logs must be cut into small pieces, called chips, so that the cooking
chemicals can easily soak into the wood and break down the lignin that holds the fibres together. This is done using a machine
called a chipper. A chipper has a large spinning flywheel with sharp knives attached to it. Logs are fed into the chipper through
a chute at an angle, allowing the knives to slice into the wood cleanly, cutting and splitting it at the same time. The size of the
chips can be controlled by adjusting the speed of the flywheel and the angle at which the log meets the knife. For good pulping
results, the chips need to be a fairly uniform size. Typically, wood chips should be about 6-25 mm long and wide, and 2-3 mm
thick. Chips that are too large or too small are removed through screening. When agricultural materials like wheat straw, rice
straw, bagasse, or grasses are used instead of wood, a different cutting tool called a chaff cutter is used. This cuts the materials
into pieces about 25 mm long, which are suitable for pulping.

PULPING METHODS

Pulping is the process of converting fibrous raw materials into a fibrous mass. In the case of wood, pulping involves breaking
the bonds within the wood structure to separate the fibres. This can be achieved through mechanical, thermal, chemical,
or a combination of these methods. Commercial wood pulping processes are generally categorized into three main types:
mechanical, chemical, and semichemical. The general characteristics of these processes are summarized in table 2.

[199]



Paper Making for
Non-Paper Maker

Dr. Shuank Malik

Table 2. General Classification of Pulping Process

Mechanical

Hybrid (Semichemical)

Chemical

Pulping by mechanical energy (small amounts
of chemicals and heat)

High yield (85-95%)

Short, impure fibres
. Weak
. Unstable

Good print quality

Pulping with combinations of chemical
and mechanical treatments

Intermediate yield (55-85%)

Intermediate pulp properties

(some unique properties)

Pulping with chemicals and heat (little or no
mechanical energy)

Low yield (40-55%)

Long, pure fibres
. Strong
. Stable

Poor print quality

Examples: Examples: Examples:
. Stone groundwood e  Neutral sulphite e  Kraft
e Refiner mechanical pulp semichemical e Sulphite
. Thermomechanical pulp e  High-yield kraft . Soda

. High-yield sulphite

Mechanical Pulping

The groundwood process is the oldest mechanical pulping method, where a block of wood is pressed lengthwise against a
roughened, rotating grinding stone moving at speeds of 1000-1200 meters per minute. As the wood is abraded, fibres are
separated and washed away with water. The resulting slurry, a mixture of fibres and fibre fragments, is then screened to
remove large particles and slivers. The pulp is thickened by removing excess water to form a stock suitable for papermaking.
While the process is simple, achieving high-quality, uniform pulp requires careful control of factors such as stone surface
roughness, pressure, and water temperature/flow rate.

A more recent advancement in mechanical pulping is the refiner mechanical pulp (RMP) process. In this method, pulp is
produced from chips by refining under atmospheric refining conditions with no pretreatment. Wood chips are shredded and
defibred between rotating discs. RMP retains more long fibres than groundwood, which results in stronger paper. Over the
past three decades, the RMP process has undergone significant improvements. Thermorefiner mechanical pulping (TRMP) is
another process in which pulp is produced from chips in refiners similar to conditions in RMP process, except chips are pre-
steamed at 100°C or higher, prior to refining. Modern refiners often incorporate thermal or chemical pretreatments, such as
thermomechanical pulping (TMP), where chips are exposed to pressurized steam before refining. Pulp is produced from chips
first pre-steamed at more than 100°C with the first stage of refining at 100°C (pressurized refining) and then refining stages
at atmospheric pressure. This pretreatment improves both the energy efficiency and the strength of the resulting pulp, and
TMP produces very little screen reject material.

Mechanical pulping has the distinct advantage of converting up to 95% of the wood'’s dry weight into pulp, but it is energy-
intensive. The resulting pulp produces paper with high opacity and good printing properties but is typically weak and
prone to discolouration when exposed to light. To strengthen the paper, long-fibred chemical pulp is often blended with the
mechanical pulp. Historically, newsprint was made from about 75% groundwood and 25% chemical pulp, although some
modern newsprint is now made entirely from TMP.

While mechanical pulps were traditionally derived from softwoods, the smaller, more delicate fibres of hardwoods tend to
be more damaged during conventional mechanical pulping, resulting in a fine, weak pulp. Despite this, bright hardwood
pulps, such as those from aspen and poplar, were sometimes blended with softwood pulps to enhance optical properties.
Recently, the development of chemithermomechanical pulping (CTMP) has allowed the industry to use hardwood species like
aspen and eucalyptus to produce stronger, short-fibred mechanical pulps, which are now suitable for blending into various
papermaking recipes.

Chemical Pulping

Chemical pulping involves treating wood chips with specific chemicals in a water-based solution under high temperature and
pressure. The main goal is to break down and dissolve lignin, the substance that binds cellulose fibres while preserving as
much of the cellulose and some hemicelluloses as possible in the form of usable fibres. Although chemical pulping effectively
removes most of the lignin, it also results in the loss of some hemicelluloses and cellulose, leading to a lower pulp yield—
typically between 40% and 50% of the dry weight of the original wood compared to mechanical pulping.

The two primary chemical pulping methods are the alkaline kraft process and the acidic sulphite process. Among these, the
kraft process has become the industry standard due to its superior pulp strength and more efficient chemical recovery system.
Table 3 shows the major chemical and semichemical pulping methods.
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Table 3. Major chemical and semichemical pulping methods.

Kraft Acid Sulphite Bisulphite NSSC
Chemicals NaOH H,SO; M(HSO:;) Na,SOs
Nazs M(HSO}) (M:Mg, Na, NH4) N62C03
(M= Ca, Mg, Na, NH,)
Cooking Time 2-4h 4-17h 2-4h 1/4—1h
Liquor pH 13+ 1-2 3-5 7-9
Cooking Temp 170-180 °C 120-135 °C 140-160 °C 160-180 °C

Kraft Process

The kraft pulping process involves cooking wood chips in a highly alkaline solution containing sodium hydroxide (NaOH)
and sodium sulfide (Na,S). This chemical treatment breaks down lignin into smaller, soluble fragments by converting
them into sodium salts, enabling the separation of cellulose fibres. The term “kraft”, meaning “strong” in German, reflects
the superior strength of the resulting pulp, which is ideal for making durable paper products. However, kraft pulp in its
unbleached form has a dark brown colour.

One of the drawbacks of the kraft process is the release of malodorous gases, primarily organic sulphur compounds, which
pose environmental and odour control challenges. The process originated as an enhancement of the earlier soda process
which used only sodium hydroxide.

Kraft pulping yields a range of pulp grades tailored to different applications. Unbleached kraft pulps, which retain more
lignin and are cooked to higher yields, are typically used for packaging and industrial products. In contrast, bleached kraft
pulps are more refined and are used in the production of high-quality white papers.

In the kraft pulping process, once the wood chips have been cooked, the used cooking liquid called spent liquor is separated
from the pulp. To recycle the chemicals in this liquor, it goes through a recovery system. First, the spent liquor is thickened
using evaporation methods. Then, the concentrated liquid is burned in a special furnace called a recovery boiler. This
boiler has different zones: some with oxygen (oxidizing) and some with little or no oxygen (reducing). In the reducing zone,
a chemical called sodium sulphate is added. It gets converted into sodium sulphide, which is one of the key chemicals
needed for pulping. Not all of the original chemicals are recovered, so adding sodium sulphate helps replace what's lost.
Since sodium sulphate is used in this step, the kraft process is also known as the sulphate process. Both names refer to the
same method of making pulp from wood.

Sulphite Process

The sulphite pulping process uses a combination of sulfurous acid (H,SO,) and bisulphite ions (HSO,) to break down and
dissolve lignin in wood. In this reaction, the bisulphite compounds react with lignin to form water-soluble lignosulfonates,
allowing the cellulose fibres to be separated without significantly altering the lignin's molecular structure. The chemical
base used to generate bisulphite can vary, with calcium, magnesium, sodium, and ammonium being the most common.

Sulphite pulping can be conducted across a broad pH range. When free sulfurous acid is present in excess (pH 1-2), the
process is referred to as acid sulphite pulping. In contrast, bisulphite pulping operates under milder, less acidic conditions
(pH 3-5), where the bisulphite ion is the dominant active agent.

Compared to kraft pulps, sulphite pulps are naturally lighter in colour and easier to bleach. However, they generally
produce weaker paper, which limits their use in applications requiring high strength. The sulphite process is well-suited to
softwoods like spruce, fir, and hemlock, as well as certain hardwoods like poplar and eucalyptus. Nonetheless, it struggles
with resin-rich softwoods and hardwoods containing tannins, making it less versatile than the kraft process. The relative
advantages of the kraft and sulphite processes are summarized in table 4.

Table 4. Relative advantages of kraft and Sulphite pulping processes

Advantages of Kraft Process Advantages of sulphite process

e Produces highest strength pulp e Produces brighter unbleached pulp

. Utilizes proven technology for efficient chemical . Pulp is easier to bleach to full brightness
recovery . Produces higher yield of bleached pulp

e Handles wide variety of wood species e Pulp is easier to refine

e Tolerate bark in the pulping process

Several factors have contributed to the decline in sulphite pulping: the sensitivity to wood species, the lower pulp strength,
and more complex chemical recovery systems. Additionally, the growing practice of whole-tree chipping which includes
bark has further disadvantaged sulphite pulping due to its low tolerance for bark contamination.
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Sulphite pulps come in various grades tailored to different applications. Higher-yield sulphite pulps are typically produced
using cooking liquors that contain minimal free sulfurous acid, relying mainly on bisulphite ions to achieve effective
delignification while maintaining higher pulp yields.

Soda process

In the soda pulping process, the main chemical used for cooking is sodium hydroxide (NaOH). Wood or plant chips are
cooked in a sodium hydroxide solution with a high pH around 12. During cooking, NaOH reacts with different components
in the material, which gradually lowers the pH as the chemical is consumed. If the pH drops too much during cooking, it
can damage the cellulose fibres, leading to weaker pulp and possible darkening in colour. To avoid this, the cooking liquor
can start with a higher concentration of NaOH. However, using too much sodium hydroxide at the beginning can also harm
the chips and reduce pulp quality. Because of these limitations, the soda process is not ideal for pulping wood. Instead, it
is mainly used for non-woody materials like bagasse, straws, and grasses, which are more suitable for this method.

Semichemical Pulping

Semichemical pulping is a hybrid process that integrates both chemical and mechanical techniques to break down wood chips
into pulp. In this method, wood chips are first partially digested using chemicals, which softens the lignin and hemicelluloses.
The remaining breakdown of fibres is achieved mechanically, typically through disc refiners. This process yields pulp in the
intermediate range of 55% to 85% based on dry wood, positioning it between traditional mechanical and chemical pulping
in terms of material retention.

Pulps produced through semichemical methods possess distinctive properties and are used in a variety of applications. One
of the most notable uses is in corrugated container board, where pulps with about 75% yield are prized for their high stiffness
ideal for the fluted centre layer.

Technically, any mechanical pulping method that incorporates a chemical pretreatment can be categorized as semichemical.
However, in practice, if the chemical involvement is minimal and the pulp yield exceeds 85%, the product is usually still
classified as mechanical pulp. This creates some overlap between categories, especially with processes like chemimechanical
pulping and high-yield sulphite pulping, both of which operate in the 80%-92% yield range.

Examples of semichemical processes include high-yield kraft and high-yield sulphite pulping. In these cases, cooking is
limited to partial lignin removal, with fibre separation completed mechanically. Yield is controlled by the extent of chemical
treatment, higher yields require more mechanical energy for fibre separation.

The most widely adopted semichemical process is the Neutral Sulphite Semi-Chemical (NSSC) method, predominantly
used for hardwoods. NSSC employs a sodium sulphite-based cooking liquor buffered with sodium carbonate to neutralize
acidic byproducts released from the wood during processing, maintaining a neutral pH throughout the cook. Major pulping
processes is summarized in table 5.

Table 5. Summary of major pulping processes

Form of

S.No. Classification Process Name Wood Used Yield (%)
Wood
Stone Groundwood Softwood (mostly) Bolts 90-95
1. Mechanical -
RMP Softwood (mostly) Chips 90-95
T™MP Softwood Chips 90
2. Chemi-mechanical Chemigroundwood Hardwood Bolts 85-90
Cold Soda Hardwood Chips 85-90
NSSC Hardwood Chips 65-80
> Semichemical High Yield Sulfite Softwood (mostly) Chips 5575
High Yield Kraft Softwood (mostly) Chips 50-70
Kraft Both Chips 40-50
4. Chemical -
Sulfite Both Chips 45-55
Soda Hardwood Chips 45-55

Dissolving Pulp

Dissolving pulps are a type of chemical pulp specifically processed for conversion into value-added cellulose-based products
such as rayon, cellophane, cellulose acetate, cellulose nitrate, and carboxymethyl cellulose. The production of these high-
purity cellulose grades, often referred to as “chemical cellulose,” constitutes a significant industrial sector. Dissolving pulps are
produced through modified kraft or sulphite pulping methods, both designed to yield a cellulose product with high purity and a
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controlled average degree of polymerization. In this process, lignin and hemicelluloses considered as impurities are extensively
removed. While softwoods are the primary raw material, some hardwoods and cotton linters (used for the highest-purity pulps
with 99% alpha cellulose) also contribute.

The viscose process, the largest consumer of dissolving pulp, begins by steeping the cellulose in a caustic solution to produce
alkali-cellulose. This intermediate is then aged and reacted with carbon disulfide, forming cellulose xanthate, a bright orange
solution. When this solution is extruded into a sulfuric acid bath, the cellulose is regenerated. The form of the final product
depends on the extrusion method: extrusion through fine holes yields rayon fibres, while extrusion through wide slots produces
cellophane films.

CONCLUSION

In conclusion, the lecture provides a comprehensive overview of pulping methodologies for both wood and agro-waste,
highlighting their historical evolution and chemical foundations. It emphasizes the operational principles, benefits, and
environmental impacts of mechanical, chemical, and semichemical pulping methods. By comparing various pulping processes,
it underscores the critical role of raw material selection in achieving sustainable and efficient pulp production. This knowledge
is essential for all the professionals who are directly or indirectly related to the pulp and paper industry.
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