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1. Introduction
Paper is one of the essential commodities for daily use and paper industry forms
the core sector of our country’s economy. Paper and paper products contribute to
other sectors also such as education, communication and product packaging. The
uses and applications of paper and paper products are limitless and new specialty
products are continuously developing. Despite the revolution in electronic media
and tough competition from computers and internet connectivity, the demand
forecasts clearly indicate rise in requirement of paper and paper products in the
years to come. With rise in its literacy rate, per capita consumption in India is
expected to double within next 10 years (Mishra, 2011). Indian paper industry has
a tough task ahead and has to gear itself for facing the growth in demand. However,
there are several bottlenecks the industry has to overcome and one of the biggest
hurdles is the availability and utilization of inputs to match quality with cost
effective production.

2. Current Scenario of Paper Production
The global consumption of paper is 400 Mt yr-1 and expected to increase its
consumption to 500 Mt by 2020 (WWF, 2010), while in India, the consumption of
paper and paper board is estimated to be double from 10 Mt yr-1 by 2020 (Mishra,
2011). Though the softwoods and hardwoods have desirable characteristics of
fibres for pulp and paper making, over-exploitation of these woods for different
purposes has resulted in continuous decline in their production from natural forests
(Ashori, 2006; Sharma et al., 2013). Fig. 1 to 4 represent the global scenario of
paper and virgin pulp production world wide and Fig. 5 represents the cost analysis
of paper making (SFIF, 2011).

Cellulose and Paper Division, Forest Research Institute (FRI), Dehradun has an
impressive record in conducting research and development in the field of pulp and paper
technology since 1909 when Sir William Raitt initiated studies on evolving an efficient
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and economic process for preparation of easy bleaching pulp from bamboo. Agricultural
wastes, grasses and hardwood forests plantations were also introduced for the production
of a variety of papers. Work on high yield pulping process, bio-degradation of lignin,
beater/wet additives and development of speciality paper have been carried out in the
Cellulose and Paper Division of FRI, Dehradun (Singh et al., 1992).

Fig. 1. Global paper production in 2011 (Total production: 399 Mt).
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Fig. 2. Global paper production of different grades of paper in 2011 (Total production: 399 Mt).
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When Indian paper industry was facing an acute shortage of quality raw
material, an initiative was taken by the division to explore the possibility of
paper production from alternative sources like eucalypts, poplar and subabul,
etc. During last decades, the division has done an extensive research work on
suitability of various species for pulp and paper production, technologies were
also developed which have been adopted by a number of Indian paper mills.

Fig. 3. Global pulp production by region in 2011 (Total production: 184 Mt).

Fig. 4. Global pulp production by grade in 2011 (Total production: 184 Mt).
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Fig. 5. Cost of paper manufacturing.

3. Raw Material Constraint to Paper Industry
Today there are 759 pulp and paper mills in India producing 10 Mt of paper and
paper boards which is 2.52 per cent of the total world production. Indian paper
industry is highly fragmented in terms of product wise segmentation and produces
38.58 per cent printing or writing, 53.61 per cent packaging and 7.81 per cent
newsprint papers. Depending upon the production capacity paper mills are
classified as large  (33,000 tpa), small (7,500 tpa) and medium (between 7,500 to
33,000 tpa). The paper production from small and medium mills accounts for 60 per
cent while 40 per cent comes from large mills. Out of 759 mills, 114 (15%) are large,
342 (45%) small and 303 (40%) medium.

India has a total forest area of about 75 Mha which forms only 22.8 per cent
of the total geographical area (328 Mha) of the country. The productivity of
Indian forests is only 1.34 m3 ha-1 yr-1  against the world average of  2.1 m3  ha-1 yr-1.
The wood based papermills in India continue to face challenges with forest
based raw material. Pulp and paper industry consumes 3 per cent of total national
requirement of wood. The annual pulp production  is 3.03 Mt from, 10 Mt of
wood, agricultural wastes and waste paper. Nearly 20 per cent of wood is procured
from government sources while, 80 per cent from agroforestry sources. The
strategy adopted by the industry to meet the ever growing demand of wood on
a sustainable basis is to obtain wood from social and farm forestry plantations
(Kulkarni, 2013).

The small paper mills set up in the early seventies almost exclusively use
agricultural wastes as raw material for paper production whereas large mills mainly
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use forest species like bamboos, eucalypts, poplar, etc. Whereas agricultural wastes
such as rice straw, wheat straw and bagasse are relatively short cycled, regenerative
and available in abundance, the availability of forest-based raw material is rather
limited. With the implementation of central and state government policies towards
forest protection and afforestration, the pulp and paper mills will have to reduce
consumption of forest materials and raise forest plantations. The government is also
encouraging the industry to create plantations on degraded forest and waste land.
The overall limited availability of raw materials will force the paper industry to rely
more and more on imports of pulp or final paper products. To overcome the shortage
of  raw material, the government has liberalized its import and given concessions in
excise duty for the use of non-conventional raw materials (Schumacher and Sathaye,
1999).

4. Eucalypts a Promising Source for Papermaking
Eucalypts are fast-growing trees, and can be made available for pulp production within
four to five years after planting. The increasing demand for wood partly results from
the attractive economic return from eucalypt plantations (Jawjit, 2006). The use of
eucalypts in cellulosic pulps was initially developed more than 50 years ago in Australia,
where there are vast natural forests of the species. Work on developing eucalypt pulp
began in Argentina in 1974 by Celulosa Argentina S.A. at its captain Bermudez Mill.
Since then growth in the number of users of eucalypts has stimulated significant
forestation in that country (Ordonez and Zilli, 1971). In India, the pulp and paper
industry was getting raw material from the plantation raised by forest departments or
corporations. However, National Forest Policy 1988 made the pulp and paper industries
to raise their own plantation to meet the demands. Clonal technology was used for
increased productivity especially for E.  tereticornis (Lal et al., 1997).

Eucalypt plantations are being established to supply raw material in the least
possible time to fill the gap of demand and supply of wood for industries. In countries
with good environmental conditions a particular fast grown plantation is being
developed with diverse genus: Populus, Salix, Pinus and Eucalyptus. Although the
genus Eucalyptus has more than 600 species and varieties, those planted on
commercial scale do not surpass the dozen. Among them one can mention E. grandis,
(and its hybrids, as ‘urograndis’), E. camaldulensis, E. globulus, E. nitens, E. saligna,
E. tereticornis, E. urophylla and E. viminalis, although at present, E. globulus and
E. grandis are the predominant in fast grown plantations (Acosta et al., 2008).

Eucalypt plantations offer the possibility of being easily certifiable with
environmental certification if the good practices are followed, along the production
chain and even the custody chain. Today thousands of hectares of eucalypts are
certified all over the world. These plantations of eucalypts generally have high
growth rate, but with the advances in genetics and tree improvement in eucalypts
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and the use of productive clones, growth rates of 70 m3 ha-1 yr-1 or higher can be
achieved. In Argentina, Brazil and Uruguay it is not rare to find one-year-old trees
surpassing 6 meters of height (Acosta et al., 2008).

5. Status of Eucalypt Plantations for Paper Industry in India
About 170 species, varieties and provenances of Eucalyptus have been cultivated
in India (Bhatia, 1984); out of these, the most outstanding and favoured has been
the Eucalyptus hybrid, a form of E. tereticornis known as Mysore gum. The most
important characteristic of Eucalyptus hybrid contributing to its popularity under
Indian conditions are (Kushalappa, 1985):

• Fast growth,
• capability of over topping the weeds,
• fire hardy nature and
• ability to adapt to a wide range of edaphoclimatic conditions.

Other species which are grown for plantation are E. camaldulensis, E. citriodora,
E. globulus and E. grandis. Over  0.1 Mha of eucalypt plantations have been established
mostly by state forest departments and forest development corporations (Sandhu,
1988). There are several reasons for raising large scale eucalypt plantations in the
country; some are common and some are specific to each state. The most important
common reason is to re-vegetate the denuded and barren hilly areas and replace low
value natural forests (FAO, 1979). The policy of converting low value natural forests
into plantations was aimed at improving productivity and generating government
revenue. Some of the state governments took advantage of the centrally sponsored
scheme of raising fast growing species initiated during the 1960s, and raised eucalypt
plantations by clear felling even the moist deciduous forests. The pulpwood shortage
at times had created the need for quick growing species and this led to the biggest
single urge to plant eucalypts in large scale plantations to meet the demand for wood
fibre for the industry (Shiva et al., 1991).  A large number of plantations programmes
have been initiated by pulp and paper mills which aim to correct the vicious circle of
low investment, low productivity and low income deeply rooted in Indian forestry.

In Brazil, eucalypt plantations grow at an average rate of 35 to 45 m3 ha-1 yr-1. This
corresponds to 10 to 12 t of bleached pulp ha-1 yr-1. Considering a six to seven years
cycle, an average forest stand produces 250 to 320 m3 ha-1 at the time of harvesting
(www.celsofoelkel.com.br, accessed on 3/1/14). In India, most of the pulp wood
requirement at present is met from farm forestry initiated by the paper mills by
utilizing marginal farm lands and their own captive plantations (Mishra, 2011).
However, about 0.25 Mha land is required to meet the present demand of pulp
wood. To consider the paper industry, it is projected that the gap between demand
and supply of forest-based fibres will be around 18 to 20 Mt, 10 years from now.

Eucalypts in pulp and paper industry
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6. Why Paper from Eucalypts?
Characteristics which make eucalypts suitable for paper making are described
hereunder:

6.1. Good Paper Making Qualities
The short eucalypt fibres form small flocks in aqueous suspensions resulting in
good paper formation, i.e., without clouds on the paper webs (when looked at against
a source of light). Deficient formation causes variations in paper sheet basis weight
and calliper. This impairs subsequent operations, such as calendaring, coating,
printing, etc. When calendaring a poorly formed paper due to fibre bundle wet
pressing, dark spots are formed, gloss is irregular, and often there appear transparent
spots. Paper formation is one of the vital properties for some fine paper grades.
Eucalypt fibres are acknowledged as very favourable to this property.

6.2. Paper Bulk
Bulk is the inverse property to sheet density. It is connected with the capacity of a
certain paper to show higher or lower volume (or thickness) at a certain basis weight.
Bulky paper sheets can be obtained by using the short and rigid eucalypt fibres,
especially at the initial levels of pulp stock refining. This property is closely associated
with paper porosity. It interferes with numerous characteristics of paper use. A
higher bulk makes it possible to reduce the basis weight. The property is also helpful
in the production of tissue papers for facial or hygienic purposes, presenting high
volume for the same paper weight or area. Papers requiring high porosity, like those
demanding ink or resin impregnation like, decorative papers, industrial filters, cigarette
paper, etc.

6.3. Porosity/Air Resistance
The pulp from eucalypts produces less porous paper sheet which makes it more air
resistant.

6.4. Liquid Absorption by the Paper Web
Paper sheets produced with eucalypt fibres have capacity to quickly absorb and
retain water or inks by micro capillarity. For this reason, eucalypt fibres are
extensively used in manufacture of tissue and printing papers. In such papers, the
printing ink impregnates the sheets more easily. In case of decor papers, phenol or
melamine resins also penetrate easily into the paper body.

6.5. Paper Smoothness
The eucalypt fibres are short and narrow in their diameter which favours a better
surface distribution of anatomical components resulting in higher surface

V. Rana et  al.



477

smoothness. Smoothness correlates very well with the fibrous population of the
pulp. Smooth papers are ideal for printing and coating as they allow savings in terms
of printing ink and coatings.

6.6. Paper Opacity
Opacity is strongly influenced by the high fibrous population of eucalypt pulp. The
pulp of eucalypts produces the paper having higher opacity.

6.7. Sheet Printability
The combination of the properties of smoothness, liquid absorption and opacity favours
printability of the paper sheets manufactured with eucalypt pulp fibres. Therefore,
surface layer of most of the multi-layer papers  are made up of eucalypt pulp.

6.8. Dimensional Stability
Dimensional stability is a very important property required by printing papers. The
higher the refining applied to the fibres, lesser will be the dimensional stability as
fibrillation, swelling and the content of anionic groups (carboxyl) in the pulps increase.
The requirement of refining is minimum in the case of eucalypt fibres hence, the
dimensional stability of fibres is maintained. This property is excellent in paper
sheets manufactured with the short refined eucalypt fibres.

6.9. Tissue Paper Softness
The feeling of softness, or tactile softness, is one of the properties mostly desired in
the tissue grade papers. Long fibres transmit a feeling of roughness, while the
unrefined or limited refined short eucalypt fibres offer an excellent tactile sensation
of softness and smoothness.

6.10. Paper Surface Gloss
Calendaring the smooth surfaces of paper sheets manufactured with the eucalypt
fibres improves the paper sheet gloss (http://www.celso-foelkel.com.br/, accessed
on 3/1/14).

7. Physico-Chemical Characteristics of Eucalypts

7.1. Fibre Morphology and Wood Density
The suitability of raw material for pulp and paper from a variety of lignocellulosic
raw materials depends largely on the shape of its cells. During the early stage of
growth, the cell cavities contain protoplasm but soon after the cell wall is fully
formed, this disappears from the cells, which are useful for papermaking, leaving
only the hollow, tubular or quill shaped structure. These narrow, elongated plant

Eucalypts in pulp and paper industry
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Table 1. Comparison of fibre quality of Eucalyptus with other available raw materials

cells with tapering ends, resemble minute threads in shape and are known as
fibres. In pulp and paper technology a cellulose fibre  is any elongated cell with a
length much greater than its diameter. A fibre may originate from any type of cell in
the plant source. Electron microscope study of the structure of wood fibres reveals
that the fibre wall is composed of four distinct concentric layers surrounding the
central cavity, the lumen (Luna et al., 2004).

Eucalypts are the most valuable and widely planted forest tree species in
the world (> 20 Mha) due to its wide adaptability, extremely fast growth rate,
good form and excellent wood and fibre properties. Eucalypt plantations
worldwide have expanded in the last 60 years because of the superior fibre and
pulping properties of the species and the increased global demand for short-
fibre pulp.

While considering wood or non-wood as a source of fibre for the production of
pulp and paper, two factors must be taken into account: the yield of fibre per given
volume or weight of raw material (more so in the chemical processes), and the quality
of the resulting fibre. The former depends on the characteristics of the feedstock
prior to pulping and the process employed in its conversion into pulp, while the later
is mainly a result of morphological features of the individual fibres and their
modification brought about by the methods of conversion (Vaughn et al., 2003). The
fibre variables responsible for determining the physical characteristics and quality
of pulp and paper are classified under fibre morphological aspects. These variables
are fibre length, cell wall thickness, fibre coarseness, fibre strength and interfibre
bonding (Haygreen and Bowyer, 1996; Sridach, 2010). Table 1 summarizes  a
comparative study of the morphological characteristics of E. grandis, sugarcane
baggase, bamboo and pine (Seykere, 1994; Agnihotri et al., 2010; Dutt and Tyagi,
2011).

Literature also reports that the pulp of E. grandis is of superior quality than
sugarcane bagasse non-wood pulp. Fibre length generally influences the tearing

V. Rana et  al.

Species Source Fibre 
length 

(L), mm 

Fibre 
width 

(D), μm 

Lumen 
diameter 
(d), μm 

Cell wall 
thickness 

(w), μ 

Runkel 
ratio 

(2w/d) 

Slenderness 
ratio (L/D) 

Rigidity 
coefficient 

(2w/D) 
E. grandis Bhadrachalam, India 1.1 19.2 3.2 12.2 0.5 55.2 0.3 
E. grandis Saharanpur, India 0.9 20.1 2.8 14.3 0.4 52.3 0.3 
E. tereticornis - 0.7 14.2 3.4 5.4 3.2 49.3 0.8 
E. robusta - 1.1 19.0 12.1 3.4 0.6 56.3 0.4 
Sugarcane bagasse India 1.5 21.4 6.3 7.7 2.5 70.6 0.7 
Sugarcane bagasse Mexico 1.1 20.0 2.0 4.0 0.7 56.5 0.4 
Bambusa vulgaris India 2.0 15.1 4.0 5.5 2.8 134.0 - 
B. vulgaris Philippines 2.3 17.0 4.0 7.0 3.5 137.0 - 
B. vulgaris Ghana 2.7 14.6 9.7 5.0 1.0 182.0 - 
Pinus kesiya - 2.3 40.7 34.8 5.9 0.3 56.5 0.03 
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strength of paper; the greater the fibre length, the higher will be the tearing resistance
of paper (Muneri, 1997; Fardim and Duran, 2004). Paper made from fibres that are too
short will have insufficient common bonding area between fibres, and as a result
there will be points of weakness for stress transfer within the sheet, and the paper
will be low in strength (Haygreen and Bowyer, 1982).

Fibre diameter and wall thickness influences the fibre flexibility (Dutt and
Tyagi, 2011). Thick walled fibres adversely affect the bursting and breaking
strengths, and folding endurance of paper. The paper manufactured from thick-
walled fibres will be bulky with coarse surface texture containing a large amount of
void volume. Thin-walled cells on the other hand, collapse readily to form dense,
well-bonded paper, low in tear but high in other strength properties (Deniz et al.,
2004).

Fibre lumen width affects the beating of pulp. The smaller the fibre lumen
width, the poorer will be the beating of pulp because of the penetration of
liquids into empty spaces of the fibres (Mosello et al., 2010). The breaking
length and other physical properties of  E. grandis pulp was far better as

compared to other raw materials, viz., bamboo and sugarcane bagasse (Table 2).
The Runkel ratio of E. grandis was on the lower side as compared to bamboo
and sugarcane bagasse which further contributed to the positive effect on
breaking length. Different Eucalyptus species have been evaluated for their
morphological characteristics. A detailed description of different species is
listed in Table 3.

Among Eucalyptus, basic density has been correlated with paper properties
(Higgins, 1970), so that different density ranges are suited to different paper
products. Eucalypts with high density up to 600 kg m-3, have fibres with thick
walls relative to their diameter and are stiff and resistant to collapse (Higgins,

Eucalypts in pulp and paper industry

Table 2. A comparison of paper strength properties derived from sugarcane bagasse,
E. grandis and bamboo

Property Sugarcane bagasse E. grandis Bamboo 

Kraft pulping 
Beating time (min) 23 80 40 
Drainage rate (oSR) 45 40 44 
Tear index (mNm2g-1) 3.6 8.4 14.4 
Burst index (K.Pa. m2 g-1) 5 5.3 7.1 
Breaking length (km) 3.8 5.9 5.3 
SodaAQ pulping 
Beating time (min) 20 55 40 
Drainage rate (oSR) 45 40 47 
Tear index (mN m2 g-1) 3.8 4.1 15.9 
Burst index (K.Pa. m2 g-1) 4.7 4.7 5.5 
Breaking length (km) 4.9 5.7 3.4 
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Table 3. Morphological characteristics of different Eucalyptus species

Source: Dutt and Tyagi, 2011.

1978). It results in forming of bulky open sheets which are porous and more
compressible, giving better printability (Dillner, 1979; Arbuthnot, 1991). Eucalypts
with medium density up to 540 kg m-3 are considered superior raw material for
tissue paper (Zobel et al., 1983; Paavilainen, 1998). Woods at the low density, as
low as 400 kg m-3, collapse more readily, forming ribbon-like shapes that have
greater surface area and, therefore, bond well together. Papers made from these
fibres have high tensile and bursting strengths but low opacity, and are best
suited to packaging grades of paper.

Basic density is inversely related to moisture content (Higgins and Phillips,
1973), although the exactness of this relationship varies (Zobel and van Buijtenen,
1989). Moisture content can influence road transport costs, since state laws usually
limit the amount of weight, that a truck can carry. Density also has direct effects on
the economics of wood chip transport, and on pulping in mills in which the capacity
of the digester is a limiting factor (Paavilainen, 1998). Densities of some Eucalyptus
species are listed in Table 4 (Hicks and Clark, 2001).

Species Tree age (yr) Basic density (kg m-3) 
E. badjensis 14 499 
E. benthamii 14 516 
E. globulus ssp. bicostata 14 569 
E. kartzoffiana 14 492 
E. macarthurii 14 536 
E. nitens 14 553 
E. smithii 14 568 
E. viminalis 14 517 
E. dunnii 9 513 
E. cloeziana 12 644 
E. pilularis 12 590 
C. maculata 12 642 
E. occidentalis 6 594 

Table 4. Basic densities of some Eucalyptus species wood

 

Species Fibre 
length 

(L), mm 

Fibre 
width (D), 

µm 

Cell wall 
thickness 
(w), µm 

Lumen 
diameter 
(d), µm 

Runkel 
ratio 

(2w/d) 

Flexibility 
coefficient 
(d/D) x 100 

Slenderness 
ratio (L/D) 

Rigidity 
coefficient 

(2w/D) 
E. grandis 1.06±0.06 19.21±1.2 3.20±0.7 12.20±3.2 0.52 0.66 55.18 0.33 

E. alba 0.88±0.1 19.23±2.2 4.80±0.8 9.80±1.6 0.98 0.50 45.76 0.50 

E. tereticornis 0.85±0.02 16.14±1.5 5.10±0.8 6.10±1.7 1.64 0.38 52.66 0.63 

E. torrelliana 0.81±0.08 17±1.9 4.7±0.4 7.8±2.4 1.21 0.45 47.64 0.55 

E. europhyllia 0.85±0.20 16±4.0 5.0±0.5 6.1±0.6 1.64 0.38 47.65 0.62 

E. camaldulensis 0.80±0.21 15±3.1 4.0±0.9 7.2±0.8 1.11 0.48 53.33 0.53 
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E. grandis is one of the most promising pulpwood species that merits attention
under the intensive short rotation management. A study to evaluate the wood
quality differences in terms of wood density, percentage of bark, heartwood, and
fibre length of E. grandis among four age groups (three, five, seven and nine years)
at three different locations was carried out by Bhat et al. (1987). This study revealed
that trees attain the minimum wood density requirement of pulp industry at the age
of three years and there was no significant increase in wood density with an increase
in age from three to nine years. On the other hand, five-year-old trees produce the
wood of lower density. This pattern of wood density variation with age indicates
that, there is no significant loss in pulp yield per unit volume of wood, if  three-year-
old wood is pulped as against five to seven or nine-year-old wood. Increase in fibre
length and heartwood percentage and decrease in bark percentage with age from
three to nine years was also evident. Within each age group, tree growth parameters
like height and diameter (DBH) have no marked effects on wood density, fibre
length and heartwood percentage. Bark percentage is, however, negatively correlated
with tree growth. These results suggest that silvicultural practices aiming at faster
growth (higher yield) will not adversely affect the wood quality.

It was further reported that there was no appreciable wood property difference
among the three locations of E. grandis although fibre length and heartwood
percentage are slightly greater in more rapidly grown three-and five-year-old trees
at one of the locations. Fibre length increases considerably from pith to bark in all
the age groups (Bhat et al., 1987).

Numerous investigators agree with the view that wood density or specific gravity
is one of the most useful parameters of measuring wood quality within the species
(Zobel and Talbert, 1984). It can also be used as a predictor of yield and quality of
pulp and paper products (Dadswell and Wardrop, 1959; Barefoot et al., 1970). Any
alteration in wood density of eucalypts is, therefore, of great importance because it
influences fibre properties and mechanical pulp qualities and consequently paper
production (FAO, 1970). Wood density determination is also of interest to the forester
in preparing dry weight tables for prediction of productivity per unit land area (Zobel
and Talbert, 1984). Wood density of E. grandis is known to be highly variable. It
varies not only within and between the trees but also among the plots studied in
South Africa and Zambia (Hans, 1976).

Bamber and Humphreys (1963) showed that seed source has significant effect
on wood density. Fibre length plays a significant role in paper making as it influences
paper strength especially when short-fibred eucalypts are used as raw material (FAO,
1970). Lower tear strength of paper made from E. grandis attributed to shorter fibres
as compared to bamboo fibres (FAO, 1970).

Ferreira (1972) reported the correlation between the age and density of
E. grandis, and showed that there was a wide variation of wood density among the
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11, 12, 13, 14 and 16-year-old wood samples. With regard to the influence of growth
rate, literature reveals different findings. According to Bamber et al. (1982), wood
density and fibre length of E. grandis are independent of growth rate while a couple
of studies show that rapid growth results in longer fibres.

Santos et al. (2008) studied the effect of density in kraft cooking and paper
making from E. globulus samples collected from different locations. They also
demonstrated the correlation between fibre length and density of sample. Results
showed that the pulp fibres from the lowest density wood exhibit very high wet fibre
flexibility while those from the highest density wood exhibit rigid behaviour. These
results are helpful to understand the morphological characteristics of the E. globulus
wood fibres in tree selection and genetic improvement programme for pulp and paper.

7.2. Chemical Composition of Eucalypts
Wood quality is critically important to the industry as, during pulp and paper
manufacturing, many aspects such as pulp yield, consumption of cooking liquor,
and potential for bleaching, are dependent on the chemical composition of wood.
This is determined by the relative proportions of cellulose, lignin, hemicelluloses
and extractives in the wood. Hardwoods show significant differences in their chemical
composition, structure and hence require different pulping and bleaching conditions.
The wood composition and the structure of its components, namely lignin and
hemicelluloses, are decisive for the wood behaviour towards the pulp production
processes and as well as for the quality of final pulps.

Proximate chemical analysis provide useful information for preliminary
characterization of the fibre resources with respect to their potentiality for pulp and
paper manufacture. The various types of determination covered in conventional proximate
chemical analyses include, solubility in ether, alcohol-benzene (1:1), cold water, hot
water and one percent caustic soda, and klason lignin, pentosans, holocellulose, Cross
and Bevan cellulose, etc . The proximate chemical composition of Eucalyptus species
evaluated for pulp and paper manufacture in India is given in Table 5.

Kasmani et al. (2011) studied the effect of age in the young eucalypt trees (in
ages of 6, 8 and 10 years) with respect to chemical compounds, for use in pulp and

V. Rana et  al.

Species Ash (%) Alcohol-benzene 
solubility (%) 

Klason lignin 
(%) 

Holocellulose 
(%) 

Pentosans 
(%) 

E. grandis 2.87 3.11 29.6 59.8 11.60 
E. alba 0.36 2.50 27.9 60.3 14.07 
E. tereticornis 1.12 3.16 28.2 66.5 12.03 
E. torrelliana 1.89 4.03 26.1 64.0 16.57 
E. europhyllia 0.98 6.22 26.5 64.2 16.47 
E. camaldulensis 1.26 6.19 33.2 55.6 13.00 

Table 5. Proximate chemical analysis of eucalypts wood

Source: Dutt and Tyagi, 2011.
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paper industry. Hemicellulose, cellulose, lignin, extractives and ash were examined
at different age intervals. The results showed that the cellulose content was
maximum at the 10 years age and trees of this age group can be more suitable
choice for pulp industry. It has been pointed out (Singh et al., 1987) that
determination of various solubilities, as represented in conventional proximate
chemical analysis does not seem to be logical in eucalypts. For example, value of
ether and alcohol benzene solubility may not be of much use in case of eucalypts;
and instead methanol solubility gives clear cut indication of the presence of
polyphenolic extractives which are  important from pulping and papermaking point
of view. Polyphenols are also extractable with hot water and one percent caustic
soda. However, this type of information on amount of polyphenols as quantified
by methanol solubility has its limitations, because the chemical nature of
polyphenols is equally important. The compounds usually present in the
polyphenolic extractives include ellagic acid, gallic acid and ellagitannis. The
presence of the ellagitannis and other phenolic compounds tend to increase the
consumption of chemicals during pulping, and reduce pulp yield. Under some
conditions, complexes may form between metals such as magnesium and calcium
and ellagic acid (Baklien, 1960) causing hard deposits in the screens, liquor
circulation pipes, heaters, heat exchangers and spent liquor pipelines. Surface
deposits of the ellagic acid can be removed by the use of bleach liquor in a particular
pH range (Mckenzie et al., 1967). The amount of the insoluble ellagic acid metal
complex formed during pulping increase with age of the tree and, therefore,
pulpwood from younger trees is to be preferred.

Polyphenols provide additional nuclear positions for condensation reactions
during delignification and thus create problems in viscosity of black liquor during
recovery process. At the same solid contents, the viscosity of even the best
burning kraft liquor from mature eucalypts can be more than three times that of the
liquor from pine (Smith, 1956). However, with young, fast growing material, the
problems do not arise in an acute form (Leon and Borges, 1967). A series of
investigations were made by Oye et al. (1972, 1973) on the viscosity of concentrated
kraft black liquor from the pulping of mature wood from seven Eucalyptus species
and on the behaviour of the liquors during evaporation and combustion. When
the cooking temperature was kept below 120°C for 45 minutes at the beginning of
cook, allowing decomposition of kino (group of polyphenols) without
delignification, the viscosity of black liquor was lowered and its combustion
improved. It appears that the high viscosity may depend upon condensation
between polyphenols and lignin – as per the phenomenon shown by Bland and
Menshun (1965). Oye et al. (1977) found an inverse correlation between black
liquor swelling volume and viscosity. Bowman and Nelson (1965) observed a
correlation between polyphenolic extractives content and brightness of kraft pulps

Eucalypts in pulp and paper industry
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of various eucalypts. The contribution of wood constituents to the colour of
eucalypts kraft and neutral sulphite pulps has been studied by Hillis (1969). The
various components react differently under alkaline conditions and affect the
colour intensity in the following order: ellagitannins, gallic acid, catechin, ellagic
acid, lignin and stilbenes. The presence of air increases the colour considerably.
The influence of polyphenolic extractives on various kraft pulps has been described
by Nelson et al. (1970).

Further, Klason lignin determination indicates apparent lignin content in wood.
It has been reported that the apparent lignin content of some hardwood species,
particularly eucalypts, is abnormally high when the standard method of
determination is applied. This is caused by the presence of ‘kinos’ in these woods.
The ‘kinos’ are precipitated during the Klason lignin determination by 72 per cent
sulphuric acid treatment. The Klason lignin obtained is heavily contaminated and
the values are misleading. Another important point while looking at Klason lignin
is to bear in mind that the value corresponds only to the acid insoluble lignin (AIL)
of the sample. There is a part of lignin which goes into solution as acid soluble
lignin (ASL) during treatment with 72 per cent sulphuric acid. Determination of
ASL should be followed as a part of Klason lignin determination, because the
amount of ASL is of considerable interest. First, the total lignin content of the
sample can only be known by adding the amounts of AIL and ASL. Secondly, it
has been reported that ASL is mainly derived from cell wall and AIL from middle
lamella (Bland and Menshun, 1970). This fact is of great value in providing
preliminary information on limitation of high degree of delignification in combination
with bleach ability of pulp. A pulp of higher ASL will be difficult to bleach as
compared to the pulp of lower ASL. But at the same time one has to restrict the
degree of delignification, so as not to degrade the pulp significantly for want of
removing cell wall lignin which influences the bleachability. It has been observed
that in order to obtain pure Klason lignin, it is necessary to extract the sample with
0.5 per cent sodium hydroxide, but partial dissolution of lignin during the treatment
is unavoidable (Agarwal, 1981). Instead, in a raw material the amount of
holocellulose, and pentosans give more meaningful information regarding the
carbohydrates. These determinations in conjunction with lignin are the basic
requirements for analyzing pulp quality.

7.2.1. Chemical composition of lignin
In order to elucidate the chemistry of lignin reactions during pulping and
bleaching, chemical composition of eucalypts lignin has been examined by the
various workers. Chemical characterization with respect to determination of C9

 formula, and methoxyl, carboxyl and hydroxyl contents and molar ratio of
syringyl to guaicyl units has been undertaken. It was observed that the

V. Rana et  al.
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Table 6. Functional groups and S/G molar ratio of milled wood lignins of Eucalyptus
species

properties of lignin may be fairly variable within a species of wide geographical
range but it appears that, this variation is related to climatic conditions. The
syringyl to guaiacyl unit ratio (S/G ratio) in E. regnans, E. oblique and
E. gigenta were found to be 4.20, 3.90 and 3.90, respectively (Bland et al.,
1950). The variation in S/G ratio on account of geographical range has been
reported for E. alba, E. tereticornis, E. ovata and E. camaldulensis of different
zones tropical zone 1.0, semi-tropical zone 2.5 and temperate zone 4.0.

The effect of age on chemical composition of milled wood lignin of  E. grandis
and E. tereticornis has been reported by Agarwal and Neelay (1986). The data on
functional groups and S/G molar ratio are given in Table 6.

7.2.2. Composition of hemicellulose
In the plant tissues, besides cellulose and lignin also exist the third main component,
hemicelluloses. The presence of hemicelluloses invite considerable attention when
an increase in the yield of chemical pulping is in question. However, in commercial
chemical processes hemicelluloses components lose their solubility during pulping.
Furthermore, the inner structural divergence of hemicelluloses in every species of
Eucalyptus would give in characteristic features which most clearly reveal difference
in the pulps produced. The chemical composition of hemicelluloses of E. grandis
and E. tereticornis are given in Table 7.

Species Xylose (%) Arabinose (%) Uronic acid (%) Methoxyl 
content (%) 

Ash (%) 

E. grandis  77.2 5.2 17.2 2.65 0.99 

E. tereticornis  76.1 0.71 21.6 2.03 2.3 

Table 7. Hemicellulose composition of Eucalyptus species

Hemicelluloses increase pulp yield, and their presence in pulp facilitates stock
preparation process, ensures better bonding and improves strength properties. On
the other hand, hemicelluloses are considered undesirable components of pulp during
production of rayon grade pulp.
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8. Pulping, Bleaching and Physical Strength Properties of Eucalypts
Studies on comparative pulping, bleaching and paper making characteristics of
E. globules, E. grandis and E. tereticornis grown in Kerala state were carried out by
Pant et al. (1980). The results of their investigation are given in Table 8 to 15.

The results presented in Tables 8 to 15 indicate that using 14 per cent chemicals
as Na2O at an H factor of 540, bleachable grade pulp of Kappa number 16 in a yield
of 59.6 per cent could be produced from E. globulus. From E. globulus a pulp of
Kappa no. 17.60 in a yield of 52 per cent could be produced using 16 per cent
chemicals as Na2O and a much higher H factor of 810. E. tereticornis required 16
per cent chemicals as Na2O and a much higher H factor 1,760 to produce a pulp of
Kappa no. below 30, the pulp yield is 44 per cent.

For attaining the target brightness of 78 to 80 per cent as per ISO, it was
noticed that consumption of bleaching chemicals was lowest for E. globulus pulp
and highest for E. tereticornis pulp. The strength properties of unbleached and
bleached pulps of  E. tereticornis are much lower than those of E. globulus and
E. grandis pulps. Vessel pick number is lowest for E. globulus pulp and higher for
E. tereticornis pulp.

On the basis of pulping yields, bleaching, papermaking and printing studies,
Pant et al. (1980) graded the three Eucalyptus species as: E. globulus is better than
E. grandis which in turn, is better than E. tereticornis. They observed that bleachable
grade pulp could be obtained from the above mentioned Eucalyptus species. The

V. Rana et  al.

Table 8. Comparative kraft pulping of Eucalyptus spp.
Particular E. globulus E. grandis E. tereticornis 
Active alkali as Na2O 14.0 16.0 16.0 

Chips to liquor ratio 1:3 1:3 1:3 

Sulphidity (%) 25 25 25 

Cooking temperature (0C) 165 165 165 

Cooking schedule  
Raising temperature  

from room temp to 1000C (min) 30 30 30 

From 1000C to 1650C (min) 105 100 105 

At maximum temperature (min) 30 120 150 

H factor 540 1420 1760 

Screened pulp yield (%) 59.60 48.60 44.30 

Screen rejects (%) 0.20 0.10 0.10 

Kappa number 16.10 16.60 27.0 

Black liquor analysis 
Total solids (% w/w) 16.1 17.2 18.5 

Residual active alkali (gpl) (at 200 gpl 
total solids) 

7.79 5.30 5.53 
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Species Total solids 
(% , w/w) 

Residual active 
alkali (gpl at 200 gpl) 

Inorganics as 
NaOH (% ) 

Swelling 
volume ratio 

E. globulus 16.2 7.79 26.3 33 
E. grandis 18.8 8.34 33.21 49 
E. tereticornis 18.5 5.53 28.5 21 

Table 10. Comparative properties of black liquors of Eucalyptus

pulp could be bleached to 76 to 78 per cent ISO brightness by conventional CEHH
sequence. Black liquor characteristics of E. globulus, E. grandis and E. tereticornis
are shown in Table 10. The data presented herein reveals that the black liquor has
significant viscosity and burning properties.

Table 9. Bleaching characteristics of Eucalyptus kraft pulp
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Species PFI revolution CSF (ml) Tensile index 
(Nm g-1) 

Tear index 
(mN m2 g-1) 

E. globulus 0 585 0.57 31 
 1000 490 0.67 37 
 2000 455 0.67 42 
 4000 355 0.88 66 
 8000 180 0.94 88 
E. grandis 0 570 0.63 42 
 2000 405 0.84 51 
 4000 315 1.05 88 
 6000 215 0.93 82 
E. tereticornis 0 505 0.10 38 
 2000 365 0.16 45 
 4000 295 0.80 51 
 6000 230 0.77 49 

Table 11. Comparative physical strength properties of bleached Eucalyptus pulp

Species Freeness 
CSF (ml) 

Print Parker surface 
roughness (μm) 

Vessel pick no. per 
2,000 (mm) 

Vessel pick 

505 5.76 R R 

490 5.00 R R 

455 4.40 27 0.48 

350 3.90 4 0.07 

E. globulus 

100 3.40 3 0.05 

570 4.20 R R 

405 3.50 57 0.98 

315 3.25 6 0.28 

E. grandis 

215 3.20 10 0.17 

305 5.00 R R 

365 3.55 139 2.48 

295 3.40 54 0.96 

E. tereticornis 

200 3.15 23 0.41 

610 5.65 R R 

535 4.65 70 1.73 

470 4.10 30 0.44 

330 3.80 3 0.07 

265 3.55 2 0.04 

Eucalyptus pulp 
(Portugal) 

178 3.25 2 0.04 

Table 12. Surface roughness and vessel pick tendency of hand sheets from bleached
Eucalyptus pulps

R- Surface rupture during printing.

V. Rana et  al.
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Table 13. Physical strength characteristics of unbleached and bleached
E. globulus pulp

Table 14. Physical strength characteristics of unbleached and bleached E. grandis
pulp

Table 15. Physical strength characteristics of unbleached and bleached
E. tereticornis pulp

Pulp PFI 
revolution 

CSF 
(ml) 

Apparent 
density  
(g cm-3 ) 

Burst index 
(k Pa m2 g-1 ) 

Tensile 
index 

(N mg-1 ) 

Tear index 
(m N m2 g-1 ) 

Fold 
Kohler 
Molin 

Brightness 
(%) 

Unbleached - 565 0.55 1.55 30.0 5.95 0.70 - 

 1000 475 0.66 3.80 50.5 9.85 1.82 - 

 2000 435 0.68 4.20 55.5 9.90 2.05 - 

 4000 315 0.76 5.70 71.51 1.0 2.73 - 

 6000 235 0.78 5.80 71.01 0.7 3.25 - 

Bleached - 585 0.56 1.40 32.0 6.15 0.90 79.0 

 1000 490 0.63 2.70 42.0 9.15 1.61 77.4 

 2000 455 0.69 3.50 53.0 9.05 2.10 77.6 

 4000 355 0.66 4.70 64.0 8.95 2.74 77.2 

 6000 180 0.84 6.40 73.0 8.90 3.36 74.3 

Pulp PFI 
revolution 

CSF 
(ml) 

Apparent 
density   
(g cm-3 ) 

Burst  
index         

(k Pa m2 g-1 ) 

Tensile 
index  

(N mg-1 ) 

Tear index 
(m N m2 g-1 ) 

Fold 
Kohler 
Molin 

Brightness 
(%) 

Unbleached 0 570 0.67 1.95 38.5 9.30 1.44 - 

 2000 430 0.76 4.75 66.0 10.7 2.58 - 

 4000 315 0.82 5.50 71.5 10.9 3.02 - 

 6000 220 0.86 5.50 79.0 10.7 3.46 - 

Bleached 0 570 0.68 1.90 31.0 8.30 1.06 73.7 

 2000 405 0.81 3.90 53.5 10.1 2.25 71.0 

 4000 315 0.85 4.95 69.0 9.70 2.23 68.9 

 6000 215 0.87 5.05 61.0 9.50 3.28 66.2 

 

Pulp PFI 
revolution 

CSF 
(ml) 

Apparent 
density  
(g cm-3 ) 

Burst  
index        

(k Pa m2 g-1 ) 

Tensile 
index  

(N mg-1 ) 

Tear index 
(m N m2  g-1 ) 

Fold 
Kohler 
Molin 

Brightness 
(%) 

Unbleached 0 485 0.59 1.90 33.0 6.90 1.00 - 

 1000 370 0.68 3.30 50.0 8.60 1.62 - 

 2000 305 0.71 4.10 52.5 8.70 2.10 - 

 4000 235 0.74 4.70 59.5 8.80 2.42 - 

Bleached 0 505 0.56 1.40 27.5 6.50 0.81 75.3 

 2000 365 0.69 3.45 50.0 8.20 1.82 72.0 

 4000 295 0.76 4.00 61.5 8.25 2.10 72.6 

 6000 230 0.79 3.80 52.5 7.95 2.49 63.2 
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Table 16. Large scale cooking conditions and properties of the pulps obtained from
non-extracted and xylan extracted E. grandis wood chips

V. Rana et  al.

In a recent study on E. grandis, Vena (2013) reported that the alkaline
extraction of hemicelluloses from hardwoods prior to pulping, for further conversion
to value-added products, seems to be a promising pathway for current paper mills to
increase profit and improve sustainability. However, the amount of hemicellulose
extracted would be limited by the requirement to maintain pulp quality and pulp
yield in comparison to existing pulping processes. The effects of NaOH concentration,
temperature and time on hemicelluloses extraction of E. grandis were studied. Extracted
wood chips were subjected to kraft pulping to evaluate the effect of the extraction
on cooking chemicals, pulp quality and handsheet paper strengths. The selective
xylan recovery (12.4 per cent dry mass) from E. grandis combined with low
cooking active alkali charge and less cooking time advantaged the xylan
extraction and subsequent modified kraft pulping process under the studied
conditions. Pulp viscosity, breaking strength and tensile index of handsheets
were slightly improved. The main outcomes of the study are given in Table 16.

Biopulping, the recent field in paper making, has significantly affected the
paper properties. The main biological challenge observed in biopulping, after
reviewing the studies done by various researchers on different raw materials is that
fungal hyphae could not penetrate the core of wood chips or logs, only surface
phenomenon occurred during treatment stage. In view of this there arose a need to
develop some new methods for providing large surface for more lignin removal.

 

Parameter Non-extracted Xylan extracted (2M NaOH, 
40°C, 240 min) 

Pulping conditions 
Active alkali (%) 18.7 - 
Sulfidity (%) 25 35.7 
Maximum temp (°C) 170 - 
Time at 170°C (min) 45 30 
Chips/residue (OD, g) 1000 961.0 
NaOH in chips/ residue (g) 165.4 99.2 
NaOH from Na2S (g) 30.2 35.5 
NaOH total in cook (g) 195.6 134.7 
NaSH charge (g) 42.2 49.6 

Pulp evaluation 
Screened pulp yield (%) 53.8±3.0 51.1±2.0 
Screening rejects (%) 1.7±0.4 0.6±0.5 
Kappa number 20.0±2.5 20.8±1.8 
Viscosity (cP)** 8.1±0.5 9.4±0.7 

Carbohydrate composition of pulp 
Glucan (%) 83.7 73.9 
Xylan (%) 22.3 19.5 
Black liquor characteristics   
Residual alkali (g l-1)   7.5±1.5 6.2±2.0 
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Thus, an approach has been put forward to reduce the density of wood sample
thereby increasing the surface area for fungal hyphae. It is presumed that destructured
samples with large surface area and low density would allow mycelia to penetrate
into the fibre on pretreatment with fungal culture. Limited references are available on
the biopulping of eucalypts. In a  recent study, Bajpai et al. (2001) demonstrated the
effect of pretreatment of eucalypt wood chips with lignin-degrading fungi and its
effect on kraft pulping. The wood chips were pretreated with Ceriporiopsis
subvermispora, which preferentially attacks the lignin component of wood. The
fungus was found to be suitable for biokraft pulping of eucalypts. Fungal
pretreatment reduced the pitch content in the wood chips and, during kraft pulping,
reduced the active alkali requirement up to 18 per cent, the total cooking time by up
to 33 per cent or the sulphidity requirement of the white liquor by up to 30 per cent.
The quality of the resultant biopulps was better than that of the control (higher
brightness, better strength and improved bleachability) (Table 17). The bleached
biopulps were easier to refine than the reference pulp. The beating time was reduced

Eucalypts in pulp and paper industry

Table 17. Biopulping of eucalypts and pulp characteristics
Pulping conditions for fungal-treated chips and reference chips 
Active alkali (as Na2O) 17% 
Sulphidity 22.9% 
Bath ratio 3:1 
Cooking temp. 1650C 
Time to raise the temp. from room 
temp.to 1650C (min.) 

 
90 

Reaction time at 1650C (min) 90 
Fungal treatment conditions For two weeks; inoculum level, 5 g t-1 wood (dry weight basis), 

corn steep liquor was not added during fungal treatment. 
a. Pulp properties 
Parameter Control Fungal treated 
Permanganate no. 14.4 14.5 
Lignin (%) 1.33 1.55 
Unbleached brightness (% ISO) 27.0 29.1 
Unbleached pulp yield (%) 46.1 45.8 
Final brightness (% ISO) 85.2 87.2 
Bleach chemical consumption (kg t -1 pulp) 
Elemental Cl2 40.0 40.0 
NaOH 18.8 18.8 
NaClO (Hypo) 12.3 12.3 
Chlorine dioxide 6.0 6.0 
b. Strength properties 
 

Unbleached Bleached Parameter 
 Control Fungal treated Control Fungal treated 
Wetness (°SR) 17.0 18.0 35.0 35.0 
Beating time (min) - - 30.0 20.0 
Tensile index (Nm g-1) 42.2 48.0 75.5 82.3 
Breaking length (m) 4300 4890 7700 8390 
Burst index (k Pa. m2 g-1) 1.93 2.62 4.59 5.14 
Tear index (mNm2 g-1) 5.66 5.48 6.92 7.20 
Double fold (no.) 6 10 102 112 
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by 18 to 33 per cent in different studies. Gupta et al. (2013a) studied the influence of
mechanical operation on the biodeliginfication of  E. tereticornis by Trametes
versicolor. In their study, the surface area of the wood chips was increased by
passing through an impressafiner. Impressafiner compresses the chips and
converts them into spongy material. Futher the biological pretreatment of
eucalypts non-destructured (chips) and destructured samples (spongy) was
carried out by T. versicolor. It was reported that the lignin loss was approximately
8.90 per cent higher in destructured samples, compared to non-destructured samples.
The fungal pretreatment decreased the Kappa number of the treated destructured
samples by as much as 10.29 points, compared to the untreated non-destructured
samples. In another study, Gupta et al. (2013b) reported the evaluation of white rot
fungi, T. versicolor induced biodelignification in E. tereticornis. The study
revealed that T. versicolor showed 19.88 per cent lignin loss within 21 days of
incubation period at pH 5.5, temperature 25oC, moisture 60 per cent with 4 per cent
molasses dose. The fungal pretreatment decreased the Kappa number from 28.92 to
24.10 at 60 minutes cooking time.

In pulp and paper kraft mills, wood pulp is produced by digestion of wood
chips in an aqueous solution containing sodium hydroxide and sodium sulfide
- named white liquor, under high temperature and pressure. A by-product liquid
stream of this digestion process known as weak black liquor, which has solids
content of 15 to 18 per cent (w/w), needs to be concentrated to higher solid
content for its use as fuel in the recovery boiler. To raise this concentration, a
traditional multiple effect evaporators unit is used, resulting in a strong black
liquor stream, usually with solids content in the range of 65 to 75 per cent (w/w)
(Andreuccetti et al., 2011). Inorganic compounds present in black liquor mainly
consist of sodium salts and small amounts of potassium, calcium, magnesium,
silicon and iron salts. Physical properties of black liquor may vary considerably
due to chemical composition associated with the type of processed wood and
operational conditions of the pulping phase. Therefore, the greater the amount
of experimental data on eucalypts black liquor physical properties, the better
the comprehension whether these properties are correlated, and in which way
they can be used to understand scale formation in evaporators, and how to
prevent or even avoid this problem by accompanying the variation of the
considered properties. Gonçalves et al. (2013) reported that the Eucalyptus
(E. grandis) black liquor, emerged from different industrial units, have 63 to 69
per cent (w/w) organic mater of the total solid content. The remaining 34 per
cent (31 to 37%) represents the amount of inorganic material contained in the
liquor. Therefore, the average organic/inorganic mass ratio is 1.94. Properties
of eucalypts black liquor of difference silvicultural patterns are given in
Table 18.

V. Rana et  al.
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Technical assessment of paper making properties of E. grandis and
E. tereticornis of different age groups has been made by Singh et al. (1987). The
data on kraft pulping and bleaching of E. grandis and E. tereticornis of different age
groups are given in Table 19 to 21.

Muner et al. (1996) evaluated various sequences for bleaching of eucalypts
pulp. Among the sequences evaluated for bleaching they suggested that the
sequence of DZ Eop D was found the best sequence for pulp bleaching with maximum
desired brightness (Table 22).

Eucalypts in pulp and paper industry

R.A.A. - Residual active alkali.

Brookfield viscosity (cps at 80) and residual alkali at 200 g/l 
solids at different concentrations (%age solids) 

35 45 50 55 

Species Initial 
R.A.A. 
as Na2O 
(g l-1 at 
200g l-1) 

Inorganic 
as NaOH 

(%) 

Swelling 
volume 

ratio        
(ml g-1 ) 

cps R.A.A. cps R.A.A. cps R.A.A. cps R.A.A. 

E. grandis 
coppice 

 
6.62 

 
- 

 
29 

 
6 

 
6.20 

 
24 

 
5.1 

 
63 

 
4.8 

 
200 

 
4.4 

E. grandis main 
plantation 

 
4.98 

 
27.56 

 
26 

 
5 

 
3.4 

 
20 

 
2.7 

 
50 

 
2.3 

 
162 

 
2.1 

E. grandis main 
plantation 

 
8.34 

 
33.1 

 
49 

 
3.5 

 
7.7 

 
9.0 

 
6.1 

 
15 

 
7.7 

 
35 

 
6.2 

E. tereticornis 
main plantation 

 
5.44 

 
25.19 

 
36 

 
15 

 
4.3 

 
40 

 
4.0 

 
110 

 
2.7 

 
324 

 
2.8 

E. tereticornis 
main plantation 

 
6.8 

 
27.68 

 
44 

 
3.8 

 
- 

 
9 

 
- 

 
18 

 
- 

 
45 

 
- 

E. tereticornis-I 
coppice 

 
6.58 

 
28.81 

 
38 

 
- 

 
- 

 
27 

 
- 

 
35 

 
- 

 
82 

 
- 

E. tereticornis-
II coppice 

 
6.95 

 
28.96 

 
41 

 
5.5 

 
- 

 
18 

 
- 

 
46 

 
- 

 
151 

 
- 

 

Table 18. Black liquor properties of Eucalyptus species

Pulp 
yield 
(%) 

Screen 
rejects 

(%) 

Kappa no. Pulp 
yield 
(%) 

Screen 
rejects 

(%) 

Kappa no. Species and age group 

Active alkali 15% as Na2O Active alkali 16% as Na2O 
E. grandis (5-6 yr) 50.2 0.33 29 48.7 0.27 21.2 

E. grandis (10-11yr) 55.6 0.12 28 53.1 0.15 20.5 

E. grandis (14-15 yr) 53.3 0.10 21.7 - - - 

E. grandis (18-19 yr) 54.4 0.34 25.2 52.4 - 20.4 

 

Table 19.  Pulping characteristics of E. grandis of different age groups

Test conditions: Chips to liquor ratio 1:3.5; Sulphidity 25%; Time 100OC (105 min), 170OC (60 min).

Pulp yield 
(%) 

Screen 
rejects (%) 

Kappa 
no. 

Pulp 
yield (%) 

Screen 
rejects (%) 

Kappa 
no. 

Species and age group 

Active alkali 15% as Na2O Active alkali 17% as Na2O 
E. tereticornis (5-6 yr) 47.3 0.60 41.0 44.1 0.15 21.7 
E. tereticornis (14-15 yr) 45.2 0.17 40.0 42.5 0.07 21.6 

Table 20. Pulping characteristics of E. tereticornis of different age groups

*Chips to liquor ratio 1:3.5; Sulphidity 25%; Time  100OC (105 min), 170OC (60 min).
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Sequence ClO2 (kg/adt) H2O2 (kg/adt) O2 (kg/adt) O3  (kg/adt) MgSO4 (kg/adt) 
Eo-D 13.7 - 5.0 - - 
D-Eop-D(1) 17.5 5.0 5.0 - - 
D-Eop-D(2) 21.3 10.0 5.0 - - 
D-Eop-D-Pp(1) 9.0 6.5 4.0 - 4.5 
D-Eop-D-Pp(2) 9.0 6.5 4.0 - - 
D-Eop-D-Q-Pv 9.0 6.5 4.0 - - 
D-EPp-D 9.0 9.0 - - - 
D-Q- EPv-D 9.0 9.0 - - - 
P-D- Eop-D 9.0 10.5 4.0 - 5.0 
Pp-D-Eop-D 9.0 10.5 4.0 - 5.0 
Q-P-D- Eop-D 9.0 10.5 4.0 - 5.0 
q-P-D- Eop-D 9.0 10.5 4.0 - 5.0 
q-Pp-D- Eop-D 9.0 10.5 4.0 - 5.0 
Q- Pp-D- Eop-D 9.0 10.5 4.0 - 5.0 
Q-PO-ZD 8.8 5.0 4.0 2.9 5.0 
QP-ZQ-D 6.5 5.0 - 3.0 - 
DZ-EOP-D 10.6 2.0 4.0 2.8 3.0 
D-EOPp-D 9.0 10.0 5.0 - 5.0 
Q-D- EOPp-D 9.0 10.0 5.0 - 5.0 
DQ- EOPp-D 9.0 10.0 5.0 - 5.0 

 

Table 22. Bleaching sequences of eucalypt pulp

D - chlorine dioxide stage; E/Eo/Eop/Eopp - extraction stage reinforced with oxygen (Eo); with oxygen and hydrogen peroxide; (Eop)
and also in a pressurized; situation (Eop); Pp - pressurized hydrogen peroxide stage; Q - chelating stage; q - semi-chelating stage
(conducted in not ideal conditions); Z - ozone stage.

Pulping and paper making characteristics of high density plantation wood (HDP)
of E. tereticornis have been studied by Tiwari and Mathur (1983). The data in Table
23 and 24 represent the summary of their work by suggesting that pulp derived from
young HDP of E. tereticornis compared well with eight-year-old plantation grown
with conventional forestry practices. The pulp also has certain advantages like
better fibre bonding properties (at same tear index and same unbleached yield). With
the advantages of pulp obtained from HDP more return per unit area and present gap
between the demand and supply of raw material, HDP grown on marginal and sub
marginal lands owned by medium and small farmers provides good opportunities to
the farmers and the paper industry.

It has been reported by Srivastava et al. (1985) that three-year-old sample
of E. tereticornis would be more prone to freeness drop even at lower level of

V. Rana et  al.

Species and age group Total chlorine 
applied (%) 

Kappa no. Brightness 
ISO (%) 

Bleached pulp 
yield (%) 

E. grandis (5-6 yr) 7.6 21.2 79.1 48.6 
E. grandis (10-11yr) 7.6 20.5 76.1 50.0 
E. grandis (14-15 yr) 7.6 21.7 75.3 49.6 
E. grandis (18-19 yr) 7.6 20.4 77.2 49.4 
E. tereticornis (5-6 yr) 7.6 21.7 76.7 40.1 
E. tereticornis (14-15 yr) 7.6 21.6 75.7 38.3 

Table 21. Bleaching characteristics of E. grandis and E. tereticornis of different age groups
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fibrillation due to shorter and comparatively more flexible fibres. The fibrillation
in fibres of three years age samples was comparatively less at the same level of
freeness (200 ml CSF) than five- and eight-year-old samples. Fibres of eight-
year-old samples are comparatively thick walled and anatomically mature. Thick
walled fibres would reduce collapsibility, thereby, reducing the available
bonding area.

Anatomically mature fibres possessing well ordered cellulose molecules and
higher amount of middle lamella, would also restrict the exposure of secondary cell
wall of fibres. With the increase in fibre length and wall thickness, older samples
would impart more rigidity to the fibre and exhibit comparatively lower bonding
strength and higher tearing strength.

8.1. Rayon Grade Pulp from Eucalypts
Rayon, cellophane and a wide variety of fibres, films and plastics are made by
chemical conversion of high purified cellulose derived principally from wood and
cotton linters. Wood pulp or any other highly purified form of cellulose manufactured
for chemical conversion into derivatives is known as dissolving pulp or rayon grade
pulp.

Rayon grade pulp in satisfactory yield and of high chemical purity
was obtained from E. globulus by prehydrolysis kraft and also by acid kraft
process. Eucalyptus hybrid has been evaluated for the preparation of rayon
grade pulp by prehydrolysis sulphate process. Characteristics of rayon grade
pulp.

Rayon grade pulp should have high alpha cellulose, low ash, low extractives
and other mineral matters. Rayon grade pulp may be classified in various ways
according to their end use: textile, yarn, tyre cord, cellophane, etc. The
characteristic of rayon grade pulps are given in Table 25 and 26 (Bhat and Singh,
1957).

8.2. Pilot Plant Trials of Eucalypts
Guha and his co-workers carried out the pilot-plant experiments at Forest
Research Institute, Dehradun on pulping and papermaking characteristics of
Eucalyptus species for the manufacture of wrapping, writing and printing papers
(Guha and Prasad, 1961; Guha and Singh, 1963; Guha et al., 1962, 1965, 1967,
1968, 1969, 1970a, b and c;  1973, 1975, 1977, 1978a, b; Guha  and Kumar, 1968;
Guha and Madan, 1964, 1977, 1978). The brief results of pilot plant trials are
given in Table 27 and 28. It can be seen from the tables that all the three species
of Eucalyptus gave satisfactory pulp yield and physical strength properties of
the paper. The runnability of these pulps on the pilot plant paper machine was
also good.
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9. Conclusion
In the last few decades many new woody and agro-based biomass sources have
been evaluated, and the suitable sources accepted which are being utilized by paper
making industry. Eucalypts have always been and will continue to receive attention
as an important fast-growing, short-rotation, renewable biomass crop for high quality

Breaking 
length (m) 

 Tear factor Burst 
factor 

Species Total 
chemical 

(%) 

Temp. 
(0C) 

Time 
(hr) 

Pulp 
yield 
(%) MD CD  MD CD  

E. globulus 16.0 153 5.0 57.9 6810 3710  31.8 81.3 28.0 
E. grandis 18.0 153 4.0 47.8 5900 3780  61.8 70.0 25.0 
E. tereticornis 18.0 162 3.0 52.7 7150 4440  67.7 72.6 40.6 

Table 27. Kraft pulping conditions in pilot plant for the production of wrapping paper,
and pulp properties

Test conditions: Sulphidity 25%, Material to liquor ratio 1:4.

Breaking 
length (m) 

 Tear factor Burst 
factor 

Species Total 
chemical 

(%) 

Temp. 
(0C) 

Time 
(hr) 

Pulp 
yield 
(%) MD CD  MD CD  

E. globulus 22.0 153 6.0 46.0 4780 3990  61.1 64.1 18.6 
E. grandis 20.0 153 6.0 46.0 5270 2990  61.1 64.1 18.6 
E. tereticornis 20.0 162 4.0 47.7 4260 2900  48.6 52.2 16.8 

Table 28. Kraft pulping conditions in pilot plant for the production of writing and
printing paper and pulp properties

Test conditions: Sulphidity 25%, Material to liquor ratio 1:3.

V. Rana et  al.

Description Cellophane Textile Tyre cord 
Alpha cellulose (%) 89.0- 92.0 81.0-91.0 94.0-96.8 
Beta cellulose (%) 3.0- 5.0 5.0-7.0 2.0-3.0 
Gamma cellulose (%) 3.0-6.0 3.0-5.0 2.0-4.0 
Ash (%) 0.04-0.13 0.05-0.13 0.04-0.08 
Ether solubility (%) 0.1-0.3 0.1-0.3 0.02-0.10 
Cupramonium viscosity (cp) (ACS method) 250-700 100-200 75-175 

Table 25. Characteristics of rayon grade pulp from eucalypts

Process Prehydrolysis kraft Acid sulphite 
Alpha cellulose (%) 96.2 93.1 
Beta cellulose (%) 0.5 3.1 
Gamma cellulose (%) 0.8 2.1 
Ash (%) 0.19 0.08 
Degree of polymerization 700 419 
Brightness (%) (MgO=100) 88 92 

Table 26. Analysis of E. globulus rayon grade pulp
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paper production. Eucalypts grow fast and give a high pulp yield with excellent
properties which makes it suitable for manufacturing a wide range of papers. Research
reveals that eucalypts pulp has better intrinsic pulp properties (tensile/density
relationship, etc.) as compared to other raw materials used in paper industry. Based
on pulp property analysis, the eucalypts pulp showed a very good potential for
applications in value-added paper and paperboards. Indian paper industry is facing
shortage of quality fibrous raw material, and eucalypts remain as one of the important
fast growing woody biomass options, though its availability for paper making is
facing competition from other wood-based industries.

Further, the major prospects for which the research is to be focused for
eucalypts wood utilization for improved paper products, are the tree harvesting
age, silvicultural aspects, better clones,  sustainable in its availability, costs and
productivity, management of the swelling ability of the furnish, management of
fines (removal or addition in controlled rates),  management of fibre deformations,
management of pulp blends in the furnish (incorporating different pulps with
different potentials) and management of wood supply to the pulp and paper
industries.
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