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Abstract

The study aimed to examine the chemical composition of Acacia melanoxylon wood as a
potential raw material for pulp and paper manufacturing. Samples of Acacia melanoxylon were
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taken systematically based on tree height at the bottom (10%), middle (50%), and top (90%) of

market height. The sample was sorted, dried, milled, and sieved, and all chemical compositions
were determined by the standards outlined in ASTM except cellulose and hemicellulose, which
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were determined by the Kurschner-Hoffer and alkali extraction methods, respectively. The results

of the study showed that the overall average values of chemical composition along tree height
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levels were 45.02%, 21.94%, 23.79%, 5.52%, 3.24% and 0.48% for cellulose, hemicellulose,

Klason lignin, hot-water solubility, alcohol-benzene extracts, and ash content, respectively.
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Except for hot-water extractives, the chemical composition of the bottom and top portions differed
significantly. Generally, this study suggests that the chemical composition of Acacia melanoxylon

wood is well suited for pulp and paper production.

Introduction

Global paper consumption is estimated at 400 million
tonnes annually and is projected to reach 500 million tonnes
by 2020 [1]. Global paper and board consumption is steadily
increasing for many reasons, including population growth and
industrialization in developing countries [2].

The pulp is produced from hardwoods, softwood and
agricultural residuals. Hardwood and softwood pulp account
for 95% of total world pulp production, and the remaining
5% comes from non-wood raw materials, mainly agricultural
residues and grasses [3]. In Ethiopia, the demand for paper
increases by 10 percent each year [4]. For instance, in 2003
average annual domestic production of paper was 7,266 tons,
while in the same year, 127,132 tons of paper have been
imported which means the average total supply of paper
during the period under consideration was 134,398 tons per
annum, of which only about 5% was locally produced. Hence,
the consideration of some fast-growing wood species in the
Ethiopia forest as a potential raw material for pulp production
is the right step towards meeting the demand for pulp and

paper.

The genus Acacia consists of about 1,300 species in three
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subgenera: Acacia, Aculeiferum, and Phyllodineae. Over 95%
of these species are endemic to Australia and they are referred
to collectively as ‘Australian acacias’ [5]. A. melanoxylon
locally known as “Omedla” is one of the most important
multipurpose tree species and widely distributed in cooler
and wetter upland areas, Moist and Wet Kolla Weyna Dega
and Dega agroclimatic zones of Ethiopia. This species has
been mainly used for firewood, charcoal, light construction,
plywood, flooring, fence posts, shade, ornaments, windbreaks,
gum, and tannery. It has the ability to coppice from damaged
stems and grow rapidly on various soils [6].

Although there are many indigenous and exotic wood
species in Ethiopia, imports of forestry products, including
pulp and paper, from other countries have increased rapidly
[7]. This is due to a lack of information on wood and wood-
based technical characteristics or no know-how on their
quality, technological alternatives, and less value-added
processing which resulted in over-harvesting and degradation
of the existing forests both in quality and quantity [7,8].

Priortorecommendingany wood species for pulpand paper
production, adequate information on chemical composition is
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vital, since it affects the quality of pulp and pulp products [9].
Even though the wide range of use of A. melanoxylon, its fast
growth, its ability to coppice, and its adaptation to different
parts of Ethiopia, its quality of pulp and paper products were
not known. Therefore, the aim of this study was to investigate
the chemical compositions of A. melanoxylon in the context of
potential raw material quality evaluation of pulp and paper
production.

Material and methods

Description of the study area

The study sample trees were taken from Chencha district
Ezanitula kebele of South Nation Nationality People Region,
which is located 37 kilometers North of Arbaminch, and 500
kilometers from the capital city of Addis Ababa. Itislocated 37°
26’0”-37°40’0"E and 6° 8’0”- 6° 26’0”N longitude and latitude
respectively (Figure 1). The annual distribution of rainfall in
the area ranges from 900 mm to 1200 mm [10] Table 1.
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Figure 1: (map of the study area) is placed inappropriate place please put it under
the description of the study area.

Table 1: Standard followed for chemical composition analysis.
Standards
Kurschner-Hoffer

Chemical composition

Replication
Cellulose 3

Hemicellulose Direct extraction with aqueous alkali
ASTM D 1106-56
ASTM D 1107-56
ASTM 1110-56

ASTM D 1102-84

Klason lignin

Alcohol-benzene solubility

Hot-water solubility
Ash Content

W W W w w

Sample collection and preparation

Wood discs 25 mm thick were systematically taken along
tree height levels, at the bottom (10%), middle (50%), and
top (90%) of tree height (Figure 2A) [11]. Thereafter, the
collected disks were cut into small strips with a knife and
dried. The strips were small enough to be placed in a grinding
machine and chips were ground in the Wiley mill (Figure 2C).
Then the milled material was placed in a shaker with sieves to
pass through a number 40 mesh sieve (450 pm) yet retained
on a number 60 mesh sieve (250 um). Finally, each chemical
composition analysis was carried out according to American
standards for Testing Materials (ASTM).
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Figure 2: Sample collection and preparation: cutting disks and coding (A&B),

Grinding (C&D).

Data analysis

The statistical analysis was carried out using a statistical
analysis program (SAS). Duncan’s multiple range test was
used to compare mean values for each chemical component
along tree height levels at a = 0.05.

Results and discussion

The results showed that the studied species had the highest
value of cellulose and Klason'’s lignin in the top portion (90%)
of the wood. While, the bottom portion (10%) gave a higher
value of hemicellulose, alcohol-benzene, hot-water solubility,
and ash content (Table 2).

Cellulose content

Cellulose content also has a direct effect on the physical and
mechanical properties of a sheet of paper [12]. The Cellulose
content of A. melanoxylon increased from the bottom (42.93%)
to the top portion (47.03%) (Table 2). Duncan multiple range
tests show that there was a significant difference between
the bottom and the top portion of cellulose content, however,
both portions were insignificant from the middle portion at
p < 0.05 (Table 2). The increasing amount of cellulose content
from bottom to top observed in this study was also reported
by Amini, et al. on A. mangium [13]. The average cellulose
content (45.02%) is similar to that found in other acacia
species. For instance, in Acacia tortilis (46.92%), and Acacia
origina (45.54%) [14].

However, lower than A.mangium (48.42%) (Amini, et al.

Table 2: Mean and standard deviation of chemical composition along tree height levels.
Height levels (%)
Middle (50%)

Chemical composition (%)

Bottom (10%) Top (90%)

Cellulose 42.93+0.40° 45.10+2.87% 47.03+1.46°
Hemicellulose 24.73+0.60° 21.56+2.48% 19.51+1.422
Klason lignin 23.13+0.25° 23.31£0.10° 24.93+0.77°
Alcohol-benzene 4.06+0.79° 3.1940.06% 2.46+0.392
Hot-water solubility 5.68+0.302 5.45+0.052 5.4240.492
Ash 0.56+0.05° 0.52+0.025° 0.37+0.022

The mean of the same row with different superscript are significantly different (p < 0.05).
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[13], E. globules (50%), and E. Urograndis (48.6%) [15].
The result was also lower than 0. abyssinica (52.06%) [16],
however similar to the Pseudo stem of Ensete Ventricosum
(44.3%) (Lemma, et al. of non-wood plants growing in Ethiopia
[17]. The difference in cellulose content with bamboo and
other woody species may be due to species, age, and growth
environment differences of sample trees since they affect
the chemical composition of the tree species [18]. Previously
many scholars reported the relationship between cellulose
content and pulp and paper properties. For instance, Kiaei,
et al. reported a positive relationship between pulp quality
and cellulose content [19]. Moreover, the high cellulose
content provides a high pulp yield reported by Khoo and
Peh [20]. According to Abdul-Khalil, et al. a cellulose content
of 40 percent or higher was satisfactory for pulp and paper
production [21]. Therefore, A. melanoxylon is suitable to use
as a raw material for pulp and paper production.

Klason lignin content

Determination of lignin content in raw materials provides
information for evaluation and application of the processes.
Hardness, bleach ability, and other pulp properties, such as
color, are associated with the lignin content [22]. Softwoods
contain around 25% - 33% lignin and in hardwoods, it can
vary between 18% - 25% [23]. Klason lignin content of
A. melanoxylon wood increased from the bottom to the top
portion. Duncan multiple range tests showed that Klason lignin
of both the bottom and middle of tree portions significantly
vary from the top portion at p < 0.05 (Table 2).

The mean of Klason lignin in A. melanoxylon obtained in
this study (23.79%) was higher than the report of Santos, et al.
(21.10%) [24] and Lourenco, et al. (18.6%) [25] on the same
species. The difference in Klason lignin may be due to age
and growth environment variation since they affect wood’s
chemical properties [17]. However, the result obtained was
similar to other Acacia species. For instance, in A. mangium
it ranges from 21.6% - 24.3%, and 21.6% - 24.6% in
A. auriculiformis [26].

Pulpwood requires alow lignin content since lignin content
is negatively correlated with pulp yield and fiber strength
[27,28]. Lignin also causes the paper to become fragile and
because of light oxidation, which results in the production of
color bands, it gives the paper a dark or yellowish look [12].
According to Ververis, et al. [29], raw material with Klason
lignin of less than 30% has acceptable for pulp and paper
production. Therefore, A. melanoxylon Klason lignin from the
study site was suitable for the production of pulp and paper.

Hemicellulose

According to Bakker and Elbersen [30], low hemicellulose
contentinrawmaterial decreasesthe water-absorbingcapacity
and thus minimizes the duration of pulping activity. Duncan’s
multiple range tests show that the bottom and top portions
significantly varied in hemicellulose content, however, both
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portions are insignificant with the middle portion at p < 0.05
(Table 2). The average hemicellulose content for this study
(21.93%) is similar to Acacia tortilis (21.10%) and Acacia
etbaica (21.37%) [31]. However, it is less than A. mangium
(35.5%) [12] and more than Ethiopia’s growing O. abyssinica
(16.90%) [15]. The difference in hemicellulose content may
be due to species, age, and growth environment differences
of sample trees since it affects the chemical compositions of
wood [17] Table 3.

‘ Table 3: Analysis of Variance (ANOVA) for chemical composition along tree height.‘

Sou.rc? of Mean square and Statistical significance
Variation

Alcohol- Hot-Water Hemicellulose Ash
Benzene

Height | 2 | 12.621 ns | 2.944*  1.926* | 0.0592 ns
‘Notes: ns: not significant; at p > 0.05, *significant at p < 0.05.

df Cellulose Lignin

0.746* 0.029*

Extractive content

Extractives of raw materials are undesirable parts since
they can have a negative impact on pulping and bleaching
operations. For example, low extractives content was related
to higher pulp yields [25] and it will also cause pitch problems
in the paper-making process, which resulted in processing
and production stopping for a moment [31].

Hot - Water soluble extractives

Hot-water soluble extracts of wood include components
such as tannins, starches, coloring,
polysaccharides, inorganic salts, cyclitols, and some phenolic
substances [32]. The result showed that hot-water extractives
of A. melanoxylon were higher at the bottom portion (5.68%)
and minimum at the top portion of A. melanoxylon (Table 2).
However, hot-water extractives are insignificant along tree
portions at p < 0.05. The overall mean of hot-water extractives
obtained in this study (5.52%) was lower than O.abyssinica
(6.80%) [15] and bagasse fiber (7.42%) [33]. However, the
result was similar to tropical pulpwood species: Gmelina
Arborea (5.20%) and Leucaena leucocephala (5.60%) [34].
Therefore, it is suitable for pulp and paper making.

sugars, gums,

Alcohol benzene soluble extractives

No single organic solvent is capable of removing all
these substances and different solvents remove only soluble
components in their solubility range of polar to non-polar.
The mixture, ethanol-benzene, appears to provide the most
complete removal of residual solvent-extractable substances
in wood.

Based on Table 2, alcohol-benzene extractives were higher
at the bottom (4.06%) than both the middle and the top
portions. Duncan’s multiple range tests showed that alcohol
benzene extractive content significantly affected the bottom
and top portions (Table 2).
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The overall mean obtained in the alcohol-benzene
extractive (3.24%) was similar to the previous report of
Lourencgo, etal. (3.96% [25] however, lower than the report of
Santos, et al. [24] (6.51%) on A. melanoxylon, which they used
alcohol-toluene solution instead of alcohol-benzene solution
used in this study. The result was higher than A. mangium
(1.77%) [12], while it is less than O. abyssinica (5.60%) [15].
High solubility will be an indicator of low pulp yield as well as
higher chemical consumption both in pulping and bleaching

[35,36].
Ash content

According to Table 2, the highest ash content was observed
in the bottom portion (0.56%) while, the lowest value was in
the top portion (0.37%) of A. melanoxylon wood. Ash content
was insignificant between the bottom and middle portions
although, both portions are significant to the top portions at
p <0.05 (Table 2). The overall mean percentage of ash content
obtained in this study (0.48%) is similar to the previous report
of Santos, et al. (0.43%) [24] on A. melanoxylon, however
lower than Acacia tortilis (1.94%), Acacia origina (1.99%)
[13] and E. globules (1.0%) [37]. The difference may be due to
species, age, and growth environment differences of sample
trees since it affects the chemical properties of the wood [17].

The result shows that the portion of wood with higher
density contributed to the increase in the percentage of
ash content because of the transformation of sapwood into
heartwood from the bottom to the top portion of the tree.
Panshin and Zeeuw reported that the bottom portion has
more heartwood and higher density, consequently higher
ash content compared with the top portion of the tree [38].
According to Ogunsile, et al. high ash content is undesirable for
pulping as they affect normal alkali consumption and create
problems in waste liquor recovery [39,40]. The average ash
content percentage of A. melanoxylon obtained in this study
(0.48%) was lower than other tropical pulpwood species;
E. globulus (1.0%), Gmelina Arborea (0.84%) and Leucaena
leucocephala (2.50%) which show the better property for pulp
and paper production [36] Table 4.

Table 4: Comparison of the Chemical Composition of Acacia melanoxylon Wood
with Other Paper Making Raw Materials.

Chemical composition (%)

Species Cellulose

A. melanoxylon (*) 45.02 23.79 21.93 324 | 552 048
E. globules (a) 56.90 17.80 NA 1.40 NA 1.0
A.mangium(b) 48.34 19.78 35.71 1.77 NA NA
Beech wood(c) 45.80 21.90 NA NA NA 0.4
Bagasse fiber(d) 42.34 21.70 NA 185 | 742 | 210
Cotton stalk€ 43.80 17.60 NA NA NA 3.50
O.abyssinica(f) 52.06 22.47 16.90 560 @ 6.80 5.30

(*) This study (*), (a)[37], (b)[12], (c)[40], (d)[33], (e)[29], ()[15]
Notes KL: Klason Lignin; AB: Alcohol-Benzene solubility; Hem: Hemicellulose; HW:
Hot-Water; NA: Not Available.
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Conclusion

The basic information on the chemical composition of
Acacia melanoxylon as a source of fibrous raw material
for pulp and paper production was examined. Cellulose,
hemicellulose, Klason lignin, Alcohol-benzene solubility,
Hot-water solubility, and ash content were considered. All
chemical compositions were significantly varied between
the bottom and the top portion except, hot-water extractives.
Compared to the wood properties related to pulp and paper
quality with those of Eucalyptus and Acacia species currently
used for commercial pulpwood, A. melanoxylon showed better
properties. Generally, A. melanoxylon wood gave a good
indication of its properties which is becoming a raw material
for the pulp and paper industry.

Recommendations

Based on the findings of the study, the following points
were recommended: -

¢ Since A. melanoxylon grown in the Chencha district is
suitable in terms of its chemical composition for pulp
and paper making, attention should be given to tree
growers, investors, government, and non-governmental
organizations on its plantation expansion.

¢ The fiber properties of this species should be
investigated in different ways of tree management and
tree spacing.

¢ Further research should be carried out on different
agroecology of Ethiopia to obtain a comprehensive
understanding of the fiber properties of the species.

¢ Besides the information on the properties of the fibers
revealed in this study, the production and testing of its
pulp and paper should be done.
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