Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 5(1): 20-23
© Scholarlink Research Institute Journals, 2014 (ISSN: 2141-7016)
jeteas.scholarlinkresearch.org

Development and Determination of Density for Nigerian Dry
Bamboo Using Digestion Method

F. A. Ovat', A. O. Ette?, L. O. Asuquo®and F. D.Olusola’

'Department of Mechanical Engineering,
Cross River University of Technology, Calabar-Nigeria.
2University of Uyo, Uyo-Nigeria.
Corresponding Author: F. A. Ovat

Abstract

The use of reinforcements in the production of composites materials for engineering applications provides for
strength and rigidity. Fibre reinforced polymer composites have played a dominant role for a long time in a
variety of applications for their high strength and modulus. The fibre which serves as a reinforcement in
reinforced polymer may be synthetic or natural. Few investigations have been carried out with bamboo fibres
despite its high strength, biodegradability, and low cost. The objective of this work was to develop fibre from
Nigerian bamboo (dried) and determine the density for its suitability as reinforcement in composite fabrication
which is yet to be found in existing literature. Bamboo piece free from blemish was obtained and dried to
remove the moisture content using gravitational method after chipping it to sizes of 25mm. The extraction was
carried out immediately after the bamboo moisture content was properly detected by the use of a gravitational
weight pan. Chemical digestion method, the alkaline pulping method which is one of the best methods, as it is
ideal for non wooden cellulosic material was used for the extraction of the fibre. The bamboo chip-solution was
heated in a digester at a temperature of 100°C for 6 hours for digestion to take place. Fibre separation was done
by means of weeding, thereafter bleaching was done by hypochlorite treatment. The density of the fibre was

investigated to be 0.725g/cm? .
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INTRODUCTION bleaching, a chemical process used mainly to obtain
In recent years there has been a fast growth in using pulp for paper production with the objective of
renewable natural fibre as reinforcement in composite increasing the whiteness.

materials, with the increasing global energy crisis and
ecological risk, natural fibre reinforced polymer The use of bamboo fibre as reinforcement has grown
composites have attracted more and more research substantially in the past decade and they are other
interests owing to their potential of serving as products, such as extruded plastic fencing, decking,
alternative for artificial fibre composites. High and furniture padding. Fibre reinforced composite
performance materials can be made by reinforcing materials are an important class of engineering
polymers by fibre inclusions, like glass or carbon materials. They offer outstanding mechanical
fibres (Gowda et al., 1999). properties, unique flexibility in design capabilities
and ease of fabrication (Agarwal and Broutman,
However, when lightweight products are aimed at, 1990). The utilization of natural fibre has gained
reinforcement can also be achieved by adding natural attentions due to the reduction of waste disposal
fibres. The strongest natural fibres, like flax, hemp problems  especially in  agricultural fields,
and bamboo have been the subject of lots of studies. environmental pollution (Nishino, et al 2004) and can
They approach or even exceed the specific find various applications in engineering, electronic
mechanical properties of man-made fibres. Compared and automotive fields. Green, environmentally
with the conventional Glass fibre or Carbon fibre, friendly, sustainable, renewable, biodegradable,
natural fibres have many advantages like renewable, composites from natural fibres are among the most
environmental friendly, low cost, light weight, high keenly required materials nowadays (Bledzki and
specific mechanical performance (Bodros et al., Gassan, 1999; Mohanty et al., 2003).
2007). According to Razera 2006 this interaction
between fibre and NaOH is an acid base reaction that ~ The properties of natural fibre depends mainly on the
should not occur in quantitative manner due to the nature of the plant, locality in which it is grown, age
weak acid character of the hydroxyl groups. Another of the plant and extraction method used. Natural
important treatment used in order to change some fibres are enjoying rapid growth due to their many
chemical and surface character of a natural fibre is advantages when reinforced with plastics such as
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light weight, reasonable strength and stiffness
(Satyanarayana et. al., 1990).

Among all chemical treatment applied to natural
fibres the most used is alkaline treatment, also called
mercerization. The alkaline treatment promotes the
removal of partial amorphous constituents such as
hemicellulose. Lignin, waxes, and oil soluble in
alkaline solution and therefore reduces the level of
fibre aggregate, making a surface rougher (Troedec et
al. 2008; Gomes et al 2007; Razera 2006).

Bamboos are the largest members of the grass family.
In bamboo the internodal region of the stem are
hollow and vascular bundles in the cross section area
are scattered throughout the stem instead of in a
cylindrical arrangement. Bamboos are the fastest
growing plants in the world due to a unique rhizome
dependent system.

Bamboo species are found in diverse climates, from
Cold Mountain to hot tropical regions, unlike other
trees or grasses, bamboo can grow over 30 metres
tall, and 15-20 cm diameter. Individual bamboo
stems or culms emerge from the ground at their full
diameter and grow to their full height in a single
growing season of 3-4 months.

Bamboo is a good replacement material for timber in
construction due to its lightweight, good flexibility,
low cost, and tough character. Specifically, the tensile
strength of bamboo is stronger than conventional
grasses. In addition, bamboo reaches its mature
growth within five years. They are used traditionally
for fabrication of village houses and home utensils,
without fully exploiting its potential as a structural
material. Massive use of bamboo in this direction
appears possible if it is deployed as a reinforcing
constituent in a composite material. For example,
bamboo-epoxy laminates can be made into specific
sizes and shapes, preserving the natural micro
structural properties yet overcoming the limitations of
its cylindrical macrostructure. As a further advantage,
cracking and bio erosion caused by insect pests is
also prevented. Bamboo is the most effective material
in construction by the superior character of bamboo
such as being physically powerful, tough, and a low-
cost material. Normally, the culms of bamboo with
outer surface layer withstand strongly to any loading
with stronger fracture resistance than the node. It
suggests that the fibres in the node do not contribute
any fracture resistance. In contradiction to other
studies, this study states that the tensile strength of
bamboo fibres almost corresponds to that of steel.
The main discovery is that the fracture properties of
bamboo depend upon the origin of fracture. In the
nodes, it is found that the average fracture toughness
is lower than the minimum value of the entire culms,
suggesting that the fibres in the node do not
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contribute any fracture resistance.
Untao, 2001).

(Amada and

In Nigeria bamboo was reported to be in abundance
in all the Southern states except Lagos and Bayelsa
where the distribution is considered relatively less.
The most endowed states in terms of bamboo
occurrence are observed to be Ogun, Oyo, Osun,
Ondo, Edo, Delta, Rivers, Akwa Ibom, Cross River,
Abia, Ebonyi, Enugu, Anambra and Imo States. The
report indicated that at least 10% of the natural
vegetation in these states is dominated by bamboo,
with existing bamboo clumps showing appreciable
gregarious growth that is contiguous over large areas.
In Lagos, Ekiti, Bayelsa, Kogi, Kwara, Benue and
Nasarawa States bamboo distribution was observed to
be frequent, indicating that between 6.0 to 9.0% of
the natural vegetation is occupied by bamboo
(RMRDC, 2004).

The density of bamboo fibre obtained from Nigerian
is yet to be found in available literature hence the
need to develop and determine the density. This
study is only limited to materials locally sourced
within and around Nigeria.

MATERIALS AND METHODS

Blemish free bamboo columns were obtained from
Cross River University of Technology (CRUTECH)
Calabar environment and were manually cut to chips
of 25 mm in length. The moisture content of the
bamboo was determined using gravitational method
and the average moisture was calculated to be 20% as
shown in Tables 1 and 2.

The type of digestion applied is the chemical
digestion method, the alkaline pulping method which
is the best method used as it is ideal for non wooden
cellulosic material. Soda pulping process was used,
sodium hydroxide of 6% was prepared, and 6g of
NaOH was added to 1000ml of water, consideration
given to the moisture content of sample. For liquor to
wood ratio of 4:1, 240g of NaOH was weighed using
the mettle top pan balance and dissolved first in
1000ml of water and when cooled an addition of
3000ml was added to it which brings the total volume
of water to 4000ml. 1000g of bamboo chips were
weighed and placed on a digester, the liquor was
entered and the digester was turned on and left at the
temperature of 100°C and digestion was done for 6
hours and when the chips were sufficiently soft, the
softened chips were washed three times by the use of
displacement method; dilution and draining of
boundary water. Digestion was discontinued to stop
further degradation of the fibres. Fibre separation was
done by weeding.

The bleaching of the fibre, before the fibres were
separated a portion of the brown pulp was removed
and three stages bleaching was applied, with washing
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between. NaOH of 3%, for a dwelling time of
120mins at a temperature of 60°C to open the fibre
bundles

Hypochlorite treatment of 10g/l concentration for
180min at 35°C, hydrogen peroxide was also used at
35°C for 120min to whiten the pulp. Semi bleached
was washed three times and air dried for 24 hours.

Table 1: Shows determination of moisture content of
bamboo

Table of results Sample A Sample B
Weight of empty can and lid 42.049¢9 45.552¢g
Weight of can, lid and sample 85.034¢g 84.550g
Weight of air dried sample 42.985¢g 38.998¢g

Table 2: Shows dried samples at 105°C at different
times

Samples Initial 1 2 3 4
weight Hour hours hours hours
(9
Sample 85.034 | 76.728 76.584 76.570 76.570
A
Sample 84.550 76.694 76.674 76.553 76.553
B

Weight of drying sample A = 76.570g

Weight of drying sample B = 76.553g

Weight of sample A = 76.570 — 42.049 = 34.521g
Weight of sample B = 76.553 — 45.552 = 31.001g
Weight of moisture content on sample A = 42.985 —
34.521 = 8.464g

Weight of moisture content on sample B = 38.998 —

31.001 =7.997g

M.C% A = 8.464/42.985 = 19.69%

M.C% B =7.998/38.998 = 20.509%

The following procedures were carried out in

determining the density of the Nigerian bamboo;
The weight of the polythene bag, the weight
of the sample(fibre), the weight of the
sample (fibre) and polythene, the sample
(fibre) was dipped into the solvent in the
graduated cylinder, the volume of the
cylinder was measured and recorded as
shown below.

Table 3: Shows values obtained from the specimen
for density determination

Weight of Weight of Volume of the Weight of

sample(C) | container(L) fibre(D)(cm®) container

(@ (@ +weight of

sample(E)(g)

15.959 0.5610 220 16.5210

Using the formula for density;

Density= - = 1
D
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Where E= Weight of Sample + Container (g)
L= Weight of container (L) (g)

D= Volume of solvent  (H,O) fiber (D)
(cm?’)
Using the equation 1 above
16.5210-0.5610 - 0.725g/cm’®
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RESULT AND DISCUSSION

The result of the experiment is shown in Tables 1,2
and 3. Table 1 shows the different weights of the
empty can and lid, can, lid and samples and the dried
sample which is the weight of the bamboo. Different
samples of A and B were considered for comparative
advantage and analysis. The temperature of 105°C
was made constant for convenience which is slightly
above the boiling point of water. The samples were
subjected to this temperature for different intervals of
1,2,3 and 4 hours each. It was observed that at
constant temperature of 105C, for between 3 and 4
hours there was no significant change in the weight
of the sample(dry bamboo) and it was realized that
the bamboo sample was dried. The percentage of the
moisture content was also determined for the samples
and was found to be about 20%. Table 3 shows the
data of the fiber which was obtained in the course of
determining the density of the Nigerian bamboo. The
bamboo fiber was already extracted using the
chemical digestion-alkaline pulping method as shown
in figure 2. The density value was determined using
the relation in equation 1 and the value obtained for
the fiber extracted from Nigerian bamboo was found

tobe 0.725g/cm*

From literature according to John, 2008 he reported
that the density of bamboo generally is between 0.6-
1.1g/cm®. The value of density obtained in this
experiment shows a relationship with that reported by
John, 2008. This result is also in agreement with
Sahoo et al, 2010 who reported that “the chemical
composition of natural fibre may differ with the
growing condition and test method even for the same
kind of fibre” also Dipa and Jogeswari, 2005 reported
that the factors that control the properties of natural
fibres even within the same specie include among
others; area of growth, climate, age of the plant and
the processing method. Also Satyanaranyana 1990
reported again that the properties of natural depends
on the nature of the plant, locality in which it is
grown, age of the plant and extraction method used.

CONCLUSION

Bamboo as a non forest wood product has been a
good replacement material for timber in construction
due to its lightweight, good flexibility, low cost and
tougher character. The tensile strength is also known
to be good. Among the advantages of bamboo fiber
listed above, its use as a reinforcement for
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composites fabrication becomes pertinent. When
lightweight products are aimed at, reinforcement can
be achieved by adding natural fiber-bamboo
especially in transport application as in the case of
aircraft, here weight is a critical design factor and
density is often considered, which has informed this
investigation. Therefore the density of Nigerian dry

bamboo was found to be 0.725g/cm®and the

value agrees with results reported in some of the
literatures reviewed
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