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Abstract: The aim of this review was to know and highlight the effect of some

selected wood

properties such as, chemical composition, anatomical properties and density on pulp and paper properties.
Before recommending any raw material for pulp and paper production, investigation of fiber characteristics
and chemical composition is important, since they affect the quality of pulp and paper. Chemical composition
of wood, affect pulp quality, pulp yield and pulp and paper mechanical strength. Fiber dimensions influence
the performance of pulp and paper propertiesin terms of pulp quality, paper strength and uniformity, pulp
beating, bursting strength, tensile strength, tearing strength and folding endurance of paper. Density is
important parameter for pulp and paper properties since it affects pulp yield, sheet density, tensile strength,
bursting strength, folding endurance, tearing resistance and energy consumption during pulping.
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INTRODUCTION

The economic value of wood is affected by its
properties, which are generally influenced by the
anatomical features. The knowledge of wood anatomy
and chemical composition is widely regarded decisive in
understanding wood properties and its behavior in
service [1]. Hardwood and softwood pulping accounts
for 95% of the total worldwide pulp production and
the rest 5% comes from non-wood raw materials, mainly
agro-residues and grasses [2].

Ligno-cellulosic biomass has a complex structure
containing mainly cellulose, hemicellulose and lignin [3].
In addition to these three major components, extractives
and ash are contained in wood which is organic and
inorganic, respectively [4].

Cellulose is the main constituent of wood and other
biomass (38-50% of dry substance). It forms the structural
framework of the cell walls. It is a linear polysaccharide
with a repeating unit of glucose strung together by
[-glycosidic linkages (10, 000 to 15, 000 glucose units) [5].
Hemicellulose is a highly complex, branched polymer
made up of five different monomeric sugars attached
through different linkages and contains five carbon

sugars [6]. Lignin is a complex, a three-dimensional
networked polymer comprising variously linked phenyl
propane units [7]. It occurs between cell walls as a
binding agent, holding cells together and within cell walls
giving rigidity to the cell and reduces dimensional
change with moisture-content in wood [8].

Extractive is the collective term given to the different
classes of chemical compounds that can be extracted from
wood or bark by means of polar and non-polar solvents,
e.g. ether, acetone, ethanol, water [9]. They include
tannins and other polyphenolics, coloring matter, 23
essential oils, fats, gums, resins, waxes and starch [10].

Ash is inorganic substances found in the wood,
including silicates, sulfates, carbonates, or metal ions [11].
It is a residue remaining after ignition at a high
temperature. The fraction of ash constitutes of Ca, K, Mg,
P, Mn, Fe, Si, Al and Na salts and the actual composition
varies between wood species and also influenced by the
local compositions of the soil [6].

The fiber length is the distance from one end to
another end and serves as a bonding, sites that are
available on an individual fiber to form an interwoven
network of fibers. However, fiber diameter is the diameter
of fiber measured from side to side end and it is usually
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measured across the fiber length. The cell lumen diameter
is the diameter of the internal cavity and is determined by
averaging the radial diameter and tangential diameter [12].

However, cell wall thickness was defined as half
values of double wall thickness including compound
middle lamella [12]. The general objective of this paper is
to review effect of wood chemical compositions, fiber
dimensions and basic density on pulp and paper
properties.

Effect of Chemical Composition on Pulp and Paper
Properties: The chemical composition of raw materials of
lignocelluloses is the basis for many properties of the
paper that is produced later. Previously many scholars
reported the relationship between cellulose content and
pulp and paper properties. For instance, Kiaei et al. [13]
reported that, cellulose content positive relationship
with pulp quality. High cellulose content gives high pulp
yield also reported by Khoo and Peh [14] and pulp
mechanical strength especially tensile strength [15].
Moreover, Shakhes et al. [16] also reported that cellulose
content has a positive effect on mechanical properties of
paper. On the other hand, the pulp yield of chemical
pulping is related to contents of cellulose and
holocellulose present in the raw material.

Hemicellulose affects pulp and paper properties.
According to the report of different scholars there is a
relationship between hemicellulose and pulp and paper
properties. For instance, higher hemicellulose values
result in higher strength of paper (especially tensile, burst
and fold) and the yield of pulp [17]; however, it may have
a negative effect during pulping, because hemicellulose is
the cell wall polymer component having the highest water
sorption [18]. A low content of hemicellulose decreases
the capacity of water absorbing thus, minimizing the
duration of pulping activity [19].

The amount and reactivity of lignin have a marked
effect on the pulp ability of the material which depends
upon the type of raw material (hardwoods, softwoods,
bamboos, etc.). Its determination in raw materials provides
information to use for pulp and paper. Pulpwood requires
a low lignin content since lignin content is negatively
correlated with pulp yield [20, 21]. Moreover, hardness,
bleachability and other pulp properties, such as color, are
associated with the lignin content of raw material [22].
Lignin also delays fiber to fiber bonding in paper and all
of its properties have negative effects in paper
production; therefore, high-quality papers are made of
fibers with no lignin at all. It causes the paper to become
fragile and because of light oxidation which results in the
production of color bands which gives the paper a dark or
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yellowish look [23]. Additionally, high lignin content
indicates the potential of raw materials difficult to bleach
with the consumption of more chemicals and long cooking
cycle [24, 25]. Extractives of a raw material are undesirable
parts since they can have a negative impact on the
pulping and bleaching operations. Its influences on pulp
and paper properties are previously reported by different
scholars.

For instance, high amount of extractive substance in
the raw material may result in poor quality of pulp and
resulting in higher operating costs and an increased
incidence of quality defects. According to Ates et al. [26],
high extractive content will be an indicator of low pulp
yield as well as higher chemical consumptions both in
pulping and bleaching. However, low extractives content
was related to higher pulp yields [27] and extractive will
cause pitch problems in the paper making process, which
causes processing and production stopped for a moment
[28].

Ash constituents had a detrimental effect on the
processing and quality of dissolving pulp. Consequently,
the amount of ash in the raw material will indicate the
measure to be taken on pulp processing. Although
residual ash in a dissolving pulp is considered a
contaminant for the preparation of cellulose derivatives,
the mineral components are not distributed
homogeneously in the plant cell fractions, mainly
accumulated in the parenchyma cells [29]. Therefore, the
pressure screening of unbleached pulp and centrifugal
cleaning after bleaching can be utilized to reduce the
amount of harmful ash components [30]. Moreover, high
ash content is undesirable for pulping as they affect
normal alkali consumption, create problems at waste liquor
recovery and operational problems in material handling,
pulp washing and beating [25, 31] as well as interferes
with bleaching [32].

Effect of Fiber Dimensions on Pulp and Paper Properties:
The pulp and paper qualities can be evaluated by wood
properties including anatomical characteristics [33, 34].
The distribution of cell types and cell dimensions
determine wood quality attributes pulp and paper quality
such as smoothness and tear strength [35, 36].
Anatomical characteristics form the basis for wood
utilization in pulp and paper making industry because
of its relation with properties of the final product.
For instance, Mousavi et al. [37] reported a direct
correlation between fiber morphology and paper
properties. The properties of paper depend on the fiber
properties, anatomy and method of separation of the
fibers. Fiber characteristics that influence the quality of



Journal of Forestry and Environment, 1(2): 16-22, 2019

paper are; fiber length, fiber diameter, lumen width, fiber
cell wall thickness, Runkel ratio, coefficient flexibility and
slenderness ratio [38]. Fiber length is an important
descriptor factor of pulp quality, given its relationship
with paper strength properties [39].

It also influences the paper sheet formation and its
uniformity [40, 41]. Fiber biometry has been found a
correlation with other pulp variables.

For instance, the pulp yield correlated positively
with fiber length and negatively with fiber width [42]
and Wimmer et al. [43] also reported that fiber length of
E. globulus had a strong effect on pulp yield and
freeness, as well as active alkali consumption, in addition,
to tear index and bending stiffness. Additionally, higher
fiber length has an effect on the resistance of the paper to
tearing [44]. Shimoyama and Wiecheteck [45] also
reported that high fiber length and cell wall thickness
values and reduced total lumen diameter values may give
higher paper strength and higher pulp yield.

The cell lumen diameter is the diameter of the internal
cavity. It is determined by averaging the radial diameter
and tangential diameter [12]. Cell lumen diameter affects
the beating of pulp. The larger the cell lumen width, the
better will be the beating of pulp because of the
penetration of liquids into empty spaces of the fibers [46].
Moreover, Akpakpan et al. [47] also reported that lumen
size affects on the rigidity and strength of paper.

Matured wood has thick wall while juvenile wood
fibers are thin walled. Thick wall fibers adversely affect
the bursting strength, tensile strength and folding
endurance of paper. The paper manufactured from thick-
walled fibers will be bulky, coarse surface and contain a
large amount of void volume [48].

Derived Fiber Values: Derived values from the fiber
dimensions are important to determine the suitability of
the material for paper production. The pulp and paper
quality, based on wood properties like anatomical
characteristics, can be estimated using Runkel ratio [49],
flexibility coefficient [50], slenderness ratio [51] and wall
coverage ratio [52]. These indices have been used for
fast growing tree species, such as acacia species [53].
The description of these indices and their relation with
pulp and paper properties are discussed as followed:

Runkle Ratio: Runkel ratio is the ratio of fiber cell wall
thickness to its lumen that determines the suitability of
a fibrous material for pulp and paper production [13].
Raw materials with low Runkel ratio are preferred for paper
making [54].
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According to Santos et al. [55], if Runkle ratio < 1, the
fiber is highly appropriate for pulp and paper production,
from 1 to 2 is regular and above 2 it may not be used for
pulp and paper making. If a wood species has a high
Runkel ratio, its fiber will be stiff and less flexible and poor
bonding ability [13].

Previously, Santos et al. [55] reported Runkle
ratio was lower in earlywood than in the latewood
and showed no significant variation along the stem of
A. melanoxylon.

Slenderness Ratio: Is the ratio of the fiber length to its
diameter and it indicate tearing resistance of a paper
[51]. The slenderness ratio is related to the tearing
strength and folding endurance of paper [53] and a
high ratio indicates a better formed and well-bonded paper
[56]. Ververis et al. [24] reported that, fiber with less than
70 slenderness ratio is not appropriate to use as raw
material in wood and pulp industry. Previously,
Pirralho et al. [33] reported values for the slenderness
ratio ranging from 39.4 to 48.4 for several Eucalyptus
species. Ohshima et al. [54] also reported a ratio of 50.5 to
56.5 and 57.7 t0 59.9 in 14-year-old E. camaldulensis and
E. globulus, respectively.

Flexibility Coefficient: Flexibility coefficient usually
expressed in percentage is derived from the ratio of lumen
width to its fiber diameter. It relates lumen diameter and
fiber length and the higher its value, the more flexible will
be the fiber, with more connections being likely to occur
between them, what would increase tension and burst
resistance [45]. The tensile and bursting strength depends
mainly on the fiber bonding in the paper sheet which is
largely related to the flexibility and compressibility of the
individual fibers [57].

The flexibility coefficient is related to paper strength
[33]. Moreover, Ashori and Nourbakhsh [56] reported
that the flexibility coefficient expresses the potential of
the fiber to collapse during beating or during drying of the
paper web.

The collapsed fibers then provide a greater bonding
area and therefore a stronger paper. According to Bektas
[58] the flexibility coefficient (FC) can be separated in four
classes: high elastic fibers with FC over 75; elastic fibers
with FC between 50 and 75; rigid fibers with FC between
30 and 50; highly rigid fibers with FC less than 30.
Previously, authors reported values for the flexibility
coefficient ranged from 50% to75% in A. melanoxylon
[55], 37% to 65 % in several Eucalyptus species [33] and
70% in E. camaldulensis and 72% in E. globulus [59].
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Table 1: Derived Fiber values and Their Relation with Pulp and Paper Properties

Derived fiber Properties Relation to pulp and paper properties References
Runkel ratio Pulp yield (+) and Digestibility (-) [49]
Slenderness ratio Tearing strength (+) [59]
Flexibility coefficient Tearing and Tensile strength (+) [50]
Wall coverage ratio Bending resistance (-) [52]

Wall Coverage Ratio: Wall coverage ratio is an index for
bending resistance [53] and related to fiber flexibility [20].
A material with a wall coverage ratio value less than 0.4 is
considered to be good pulpwood since it is not too rigid
[60].

Effect of Basic Density on Pulp and Paper Properties:
Basic density was closely related and important parameter
in pulping properties: wood with a low basic density
produces paper with high sheet density; tensile,
bursting and folding strengths; and lower resistance to
beating; but with low pulp yield and tearing strength
[42, 53]. Wood density is also an indicator of energy
consumption during pulping [61, 62].

In high-density hardwoods, fibers with thicker
cell walls represent a larger proportion of xylem gives
porous paper and more compressible, giving better
printability and opacity [63, 64]. However, in low-density
hardwoods, vessels occupy a major proportion of
wood and fibers have thin walls, producing a denser
paper, smooth and with high tensile and burst strength
[63].

According to the report of different scholars, there is
no correlation, weak relationship or positive correlation
between pulp yield and wood density. For instance, data
from clonally replicated full-sub families and unrelated
E. globulus clones suggested that pulp yield can be
independent of wood density and growth rate [65].
Additionally, Seca and Domingues [66] reported that pulp
yields were independent of wood density and instead
associated with lignin composition in E. globulus.
Mokfienski et al. [67] also observed that, a weak
correlation between pulp yield and wood density in ten
Eucalyptus species and with a negative impact of wood
density on pulp yield. Moreover, Miranda and Pereira [68]
did not observe a significant correlation between pulp
yield and wood density in provenances of E. globulus.
However, two types of E. globulus clones which showed
markedly different wood density values, grown in
different sites in Portugal showed a positive correlation
between wood density and pulp yield [69].

CONCLUSION

Information on wood properties important to utilize
for pulp and paper production. Chemically, cellulose
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content affects pulp quality, pulp yield and pulp and
paper mechanical strength. Lignin affects hardness,
bleach ability and other pulp properties. Extractives also
have a negative impact on the pulping and bleaching and
high extractive content lead to low pulp yield as well as
higher chemical consumptions both in pulping and
bleaching of pulp and paper.The fiber characteristics and
its derived values influence the performance of pulp and
paper properties in terms of pulp quality, paper strength
and uniformity, pulp beating, bursting strength, tensile
strength, tearing strength and folding endurance of paper.
Basic density was closely related and important parameter
for pulp and paper properties: since it affects pulp yield,
sheet density, tensile strength, bursting strength, folding
endurance, tearing resistance and energy consumption
during pulping.
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