1.

Progress in Engineering Application and Technology Vol. 3 No. 1 (2022) 055-063
© Universiti Tun Hussein Onn Malaysia Publisher’s Office

PEAT

Homepage: http://publisher.uthm.edu.my/periodicals/index.php/peat
e-ISSN : 2773-5303

The Potential of Limestone as a Preserving
Agent for Bamboo Fibre

Nur Adilah Fitri Mohd Esa!, Nasrul Fikry Che Pa'*

'Department of Chemical Engineering Technology, Faculty of Engineering
Technology, Universiti Tun Hussein Onn Malaysia, 84600 Muar, Johor,
MALAYSIA

*Corresponding Author Designation

DOI: https://doi.org/10.30880/peat.2022.03.01.007
Received 13 January 2022; Accepted 11 April 2022; Available online 25 June 2022

Abstract: Bamboo fibres have recently attracted a lot of attention as a viable
substitute for synthetic fibres for composite building applications, due to the rising
awareness of ecologically friendly biomaterials. Alkaline treatment is commonly
known to chemical treatment procedure for modifying the texture of natural fibres.
NaOH is a commonly used alkaline that is used to treat bamboo fibre. However, it is
extremely caustic and can cause tissue damage if it comes into contact with skin. This
research is to investigate the effectiveness of the limestone which is not a synthetic
chemical to treat the bamboo fibre. The tensile strength of bamboo fibre is obtained
via universal tensile machine (UTM). The morphological structure of
untreated/controlled and treated bamboo fibre investigated using scanning electron
microscope (SEM). Finally, research come into the functional group of the bamboo
fibres using Fourier-transform infrared spectroscopy (FTIR). The bamboo fibre that
had been soaked in 4 wt.% CaCOj; for 4 hours exhibited the highest tensile strength.
It is because the decreased of lignin makes the bamboo fibre more durable. In
comparison to untreated bamboo fibre, the treated bamboo fibre has a rough surface
morphology. CaCOs has been shown to be effective in the preservation of bamboo
fibres. The chemical properties of limestone could be employed to improve the
mechanical properties of bamboo fiber-reinforced composites, especially the
interfacial adhesion between the fibres and the matrix.
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Introduction

Due to a growing awareness of environmentally friendly biomaterials, bamboo fibres have recently

gained a lot of interest as a possible option for synthetic fibres in composite building applications.
Bamboo is a valuable forest resource that thrives throughout the world's tropical and semitropical zones,
especially in Asia. Bamboo, on the other hand, is becoming more popular in the construction industry
due to its rapid growth, high mechanical and thermal properties, tensile strength, low cost, light weight,
and machinability efficiency [1].

*Corresponding author: nfikry@uthm.edu.my
2022 UTHM Publisher. All rights reserved.
publisher.uthm.edu.my/periodicals/index.php/peat



Esa et al., Progress in Engineering Application and Technology Vol. 3 No. 1 (2022) p. 55-63

Compounds changing substances and mechanical testing are standard processes used to identify
treated fibre from raw fibre. According to previous study, chemically altering cell walls removed at
least 35 % of the cell wall components [2]. To overcome the difficulty, a chemical treatment at the fibre
interface can change the properties of natural fibre. Specific chemical changing natural fibres has been
demonstrated to increase composite mechanical properties, fibre-matrix adhesion, and natural fibre
compatibility in various studies [3].

1.1 Limestone

Limestone is a sedimentary rock made mostly of calcium carbonate (CaCOs). After the water has
drained, stalagmites and stalactites are left behind in caves. Limestone is rarely seen in its pure white
form since it is almost usually flecked with impurities. Limestone powder has also been used to build
concrete in a few nations. The use of fine limestone powder appears to have increased cement hydration
efficiency and development in durability [4], as well as the flexibility and endurance of new self-
consolidating concrete (SCC) [5].

According to a study, applying limestone powder to self-compacting concrete increases the mix's
workability by retaining water in the new mix and enhancing the durability and flexibility of the fresh
self-consolidating concrete (SCC) mix, resulting in increased strengths. A stronger particle loading
strategy, enhanced new mix water retention, and a possible chemical reaction involving concrete and
calcium carbonate (CaCOs) to produce carbon aluminate (C-Al>Os3) can always be associated with this
improvement [5].

1.2 Problem statement

Mercerization, which involves immersing natural fibres in a diluted sodium hydroxide (NaOH)
solution, is one of the most common and valuable treatments. The hydroxyl group of natural strands
reacts with NaOH to dissolve the cementing components that cover the outer layer of the fibre, such as
hemicellulose, lignin, wax, and oils, resulting in increased surface roughness and the creation of fibrous
bonds [6]. However, NaOH is exceedingly corrosive and can harm any tissue it comes into touch with.
The nostrils, throat, and pulmonary airways can be irritated by small amounts of NaOH in the form of
dusts, mists, or aerosols. Larger quantities of inhalation may produce oedema or bronchial contractions,
resulting in bronchial blockage and the loss of detectable pulse, as well as pulmonary infection and fluid
blockage [7].

Therefore, this research is conducted to study on the effectiveness of the limestone as the potential
preserving agent to replace and reduce the harmful reaction of synthetic chemical. The data of the tensile
strength is analyzed to find the best strength of bamboo fibre. Furthermore, the analysis of the structure
bamboo fibre structure and the presence of alkaline are observed.

1.3 Objectives
The objectives of this research are:

i. To investigate the mercerization effect of bamboo fibre.
ii. To determine the characteristic of the limestone as potential preserving agent for bamboo fibre.
iii. To examine the morphology of the treated/controlled and untreated bamboo fibre.

1.4 Scope of study

The study is to observe the bamboo fibre based on the concentration level which is 2, 4, 6 and 8
wt.% and immersion time in 1, 3, 6, 16 and 24 hours respectively. The treated bamboo fibre undergoes
physical test such as tensile strength test via the Universal Tensile Machine (UTM) as well as its
morphology is analyzed using scanning electron microscope (SEM). The presence of functional group
in the bamboo fibre is determined via Fourier-transform infrared spectroscopy.
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2. Materials and Methods

In order to achieve the required objectives, the preparation of bamboo fibre using the limestone as
preserving agent and the testing for bamboo fibre is explained.

2.1 Method

Figure 1 shows the methodology of the flow chart that has been used as a guidance to achieve the

objectives.

Preparation of bamboo fibre

e [mmersed the bamboo culm in the
water for 4-7 days

e Extract the bamboo culm into
bamboo fibre

L A
/P_rcparation for the sample \

* Prepared the solution of the CaCOs3
with 2.4.6 and 8§ wt.%

* Immersed the bamboo fibre in the
CaCO;3 solution for 1.3.6.16 and 24

hours

o Immersed with distilled water for 10
minutes

x Dried the bamboo fibre for 24 h-:-urs/

Preparation for the testing and analysis

e Tensile strength

e Scanning electron microscope (SEM)

s Fourier-transform infrared
spectroscopy (FTIR)

Figure 1: The flow chart of the methodology for the potential of limestone as preserving agent for a
bamboo fibre

2.2 Materials
The materials needed and used in this research are shown in Table 1.

Table 1: Material and equipment for the research

Materials/Equipment  Description Function
Bamboo culm Schizostachyum grande To investigate the effect with the
bamboo preserving agent as bamboo fibre.
Limestone Calcium carbonate, CaCOs To use as preserving agent.

57



Esa et al., Progress in Engineering Application and Technology Vol. 3 No. 1 (2022) p. 55-63

Scanning electron To examine the microstructure of the
microscope (SEM) TESCAN fibre.
Fourier-transform infrared Shimadzu To investigate the changes of
spectroscopy (FTIR) functional group in bamboo fibre.
Universal tensile machine  Victor Manufacturing Sdn To test the tensile strength.
Bhd

Bamboo fibre extraction To extract the bamboo fibre.

. Amcoweld
machine

3. Results and Discussion

In this section, the outcomes of this research were investigated and discussed. This chapter
presented the data and discussion which are the tensile strength, the structure of bamboo fibre and
observation of the presence of functional groups in bamboo fibre.

3.1 Tensile strength

Figure 2 shows the result of tensile strength for the bamboo fibre with different concentration (2, 4,
6 and 8 wt.%) of calcium carbonate (CaCOs) and different soaking time (1, 3, 6 16 and 24 hours),
compared to the control. The 4 wt.% concentration of calcium carbonate for 3 hours produced the
highest tensile strength while similar concentration with 24-hours exposure shows contradictory results.
Study conducted by Wang et.al (2018) discovered that at 4 wt.% alkali treatment, the maximum tensile
strength is achieved as a consequence of low removal of hemicellulose, lignin, and other impurities,
which tends to increase the ability of those fibrils to restructure themselves in the orientation of tensile
stress, leading to improved cellulose chain packing [8].

Wang et.al (2018) also discovered that increasing the alkali concentration to 7 wt.% reduced tensile
strength by 4 wt.%, leading to weaker fibre with a high alkali content [8]. Because of the interaction
with calcium carbonate, the tensile strength is still increasing at 4wt.%, according to the results. Calcium
carbonate has the ability to maintain excellent mechanical properties [9].
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Figure 2: The tensile strength of bamboo fibre with various concentration and immersion duration

Figure 3 shows that the tensile modulus grew gradually up to the 8 wt.% concentration, maintaining
the same pattern as the tensile strength. Furthermore, the length of treatment appeared to have a
significant impact. At an 8 wt.% concentration and 6 hours of immersion, the maximum rise in tensile
modulus was obtained. In previous research, they discovered that by raising penetration levels of alkali
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to 20.0 % resulted in a 10.0 % decrease in tensile strength toughness and a 66.0 % decrease in tensile
modulus due to cellulose breakdown [10].
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Figure 3: Young’s modulus of the bamboo fibre with various concentration and immersion duration

Alkali treatment of sisal fibres enhanced crystallinity of cellulose as well as eliminating
contaminants including hemicellulose and lignin. This is due to enhanced crystallization of the hard
cellulose, the sisal fibres became much more durable when some of the impurities were removed, lead
to significantly improved fibre toughness. Similar principle is responsible for the increased tensile
modulus of bamboo fibre strips [11].

The strain at break data for various calcium carbonate concentrations and soaking times are shown
in Figure 4. The strain rates of the fibres with the 2, 4, 6, and 8 wt.% solutions showed no significant
changes. The differences ranged between the highest and the lowest of the percentage strain at break
are from 0.85 % to 2.65 %. The mechanical strength and elastic modulus of the fibres had enhanced,
according to the analysis of the collected data. The fibre with the 6 wt.% calcium carbonate
concentration and 6 hours of immersion has the highest strain at break which is 2.65 %, whereas the
fibre with the 8 wt.% calcium carbonate concentration and 6 hours of immersion had the lowest strain
at break which is 0.85 %. There was no observable change in the pattern for fracture strain as a
consequence of immersion duration.
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Figure 4: Percentage of the strain-a-break of the bamboo fibre with various concentration and immersion
duration

Bamboo fibres have a tensile strength of 450-800 MPa, a tensile elastic modulus of 11000- 30000
MPa, and a strain to failure of 1.00-3.00 % [12]. Therefore, the test findings were rather accurate with
the previous research.

3.2 Morphology of the bamboo fibre

Figures 5 illustrate the surface characteristics of untreated/controlled and treated bamboo fibre with
a calcium carbonate. The surface morphology of the untreated bamboo fibre was smooth and scattered
with a smattering of lumpy substances meanwhile the surface structure of the treated bamboo fibre are
rough. Hemicelluloses, lignin, pectin, wax, and other contaminants might well be found upon those
surfaces [13]. According to previous research, contaminants have been eliminated, resulting in a
smoother and harder surface. Fracture towards the fibre can be seen in a few areas. Alkaline treatment
removes waxy coating, contaminants, and components including lignin and hemicellulose [14].
Nonetheless, when the CaCOs concentration and time immersed started rising, the surface degradation
had become more extremely severe to the alkaline solution's destructive impact. Fibre degeneration was
associated with excessive delignification, which made the fibre fragile and reduced its physical qualities

When the lignin was decrease, the tensile strength starts to increase. Since hemicellulose and other
interface contaminants are removed, treated fibres have rough surface morphologies. As a consequence
of the alkali treatment, significant modifications in the fibre surface microstructure might occur, leading
to a rise in fibre water content. According to a previous research, the significant loss of cellulose leads
to a reduction in fibre strength after treatment with strongly alkaline concentration [15]. The toughness
of bamboo fibre might be harmed by an excessive alkali treatment and immersion duration.
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Figure 5: Morphology of bamboo fibre where (A) untreated/controlled; (B) 4 wt.% concentration of
CaCO:s for 3 hours; (c) 4 wt.% concentration of CaCOs for 24 hours
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Since hemicellulose and other interface contaminants are removed, treated fibres have rough
surface morphologies. As a consequence of the alkali treatment, significant modifications in the fibre
surface microstructure might occur, leading to a rise in fibre water content. The significant loss of
cellulose leads to a reduction in fibre strength after treatment with strongly alkaline concentration [15].
The toughness of bamboo fibre might be harmed by an excessive alkali treatment and immersion
duration.

3.3 Fourier-transform infrared spectroscopy analysis

Figure 6 shows the functional groups were determined by FTIR investigation of the impact of alkali
treatments on bamboo fibre. The hydrogen bound O-H bending the frequency of cellulose, which has
been found throughout all natural fibres, was responsible for the absorption peak of 3280 cm™. This
peak was also discovered to have a little shift and fluctuation in terms of strength upon on the treated
fibres, and also was assigned to 3280 cm™ for untreated fibres. This indicates that the alkali treatment
reduced hydrogen bonding in cellulose hydroxyl groups, leading to reduced hydrophilic characteristic
[16], and that the amount of excessive -OH in carboxylic groups does not involved in hydrogen bonding
production [17].
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Figure 6: The graph of FTIR analysis where (A) untreated bamboo fibre; (B) treated bamboo fibre

The investigation peak at 2892 cm! was produced in a treatment of alkali, demonstrating that C-H
extended the frequency due to existence of ether, according to the analysis. The hydroxyl groups inside
cellulose form hydrogen bonds with one another, lowering the polysaccharide's sensitivity [18]. The
alkaline treatment generates additional -OH groups as an outcome of having to break the crosslink
amongst lignin and hemicelluloses.
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The C-H extending frequencies of methyl and methylene groups within cellulose and hemicellulose
were indicated by the peaks at 2892 cm™!. In the untreated fibre, the peak at 1602 cm™! had been explicitly
identified. According to previous research, this peak showed C=0 extending in the ester bonds of
carboxylic groups in lignin [19]. It was also discovered to be linked with hemicellulose C=O stretching.
Despite this, according to the dissolution of lignin and hemicellulose in alkaline medium, there was no
indication of this peak in the treated fibre. The existence of C-O-C stretching vibration in the cellulose
molecule is connected with the peak at 1237 cm™ for untreated fibre. Nonetheless, the peak at 1602 cm
!'was abolished in alkali-treated fibres, but a small proportion of the peak at 1235 cm™! was observed.
These observations indicated that alkaline pre-treatment removed hemicelluloses and lignin.

4. Conclusion

Bamboo fibres have recently attracted a lot of attention as a potential replacement for synthetic
fibres in polymeric composites in the construction industry, thanks to a growing awareness of
environmentally friendly biomaterials. The most common chemical treatment conducted on bamboo
fibres is alkaline treatment, also known as mercerization. As a consequence, according to this study, the
qualities of limestone might be used as chemical techniques to improve the mechanical properties of
bamboo fiber-reinforced composites, particularly the interfacial adhesion between the fibres and the
matrix.

A total of 21 samples of bamboo fibre, both untreated and treated, were utilized in this experiment,
with varied wt.% concentrations and immersion periods. The bamboo fibre containing 4 wt.% CaCOs
was found to have the maximum tensile strength after a 3-hour soaking. This might be due to the
hemicellulose, wax, lignin, oils, and other contaminants that surround the fibre's outer surface being
reduced. It has been demonstrated that CaCOs3, an organic molecule, may be employed as a preservative.

For the future studies, researchers can investigate to determine the optimization of the bamboo fibre.
This recommendation is to make sure the best results that has been recorded. Moreover, researchers can
research at the compressive properties of bamboo fibre in future studies. The volume of the structure as
well as the roughness of the fibrous structures affect the compression characteristics, with a linear
flexibility relationship due to fibre length and an implicit relationship when outer irregularity rises.
Lastly, researchers can conduct the assessment using Thermogravimetric Analysis (TGA) for analyses
chemical, physical, and structural changes in a material as a result of temperature differences

Acknowledgement

The authors would like to thank the Faculty of Engineering Technology, Universiti Tun Hussein
Onn Malaysia, for its support.

References

[1] D. Cheng, S. Jiang, & Q. Zhang, (2013).
<BioRes 08 1 0371 Cheng JZ Hydrotherm Aq Soln Mould Bamboo 3429.pdf>. 8, 371
382.

2] L. Zou, H. Jin, W.Y. Lu, X. Li, Nanoscale structural and mechanical characterization of the cell

wall of bamboo fibers. Mater Sci Eng C 29(4):1375-1379 (2009)

[3] Z. Khan, B. F. Yousif, & M. Islam, Fracture behaviour of bamboo fiber reinforced epoxy
composites. Composites Part B: Engineering, 116, 186—199(2017)

[4] M. Heikal, H. El Didamony, & M. S. Morsy, Limestone-filled pozzolanic cement. Cement and
Concrete Research Journal, 30(11), 1827-1834 (2000)

62



Esa et al., Progress in Engineering Application and Technology Vol. 3 No. 1 (2022) p. 55-63

R. V. Leeuwen, Y. J. Kim, & V. Sriraman, The effects of limestone powder particle size on the
mechanical properties and the life cycle assessment of concrete. Journal of Civil Engineering
Research, 6(4), 104-113 (2016)

M. S. Enayati, R. Esmaeely Neisiany, P. Sajkiewicz, T. Behzad, P. Denis, & F. Pierini, Effect
of nanofiller incorporation on thermomechanical and toughness of poly (vinyl alcohol)-based

electrospun nanofibrous bionanocomposites. Theoretical and Applied Fracture Mechanics, 99,
44-50 (2019)

New Jersey Department of Health “Right to Know Hazardous Substance Fact Sheet”. Retrieved
June 7, 2021, from http://nj.gov/health/workplacehealthandsafety/right-to-

F. Wang, S. Zhou, L. Li, & X. Zhang, Changes in the morphological-mechanical properties
and thermal stability of bamboo fibers during the processing of alkaline treatment. Polymer
Composites, 39(S3), E1421-E1428. https://doi.org/10.1002/PC.24332 (2018)

F. Scala, R. Chirone, P. Meloni, G. Carcangiu, M. Manca, G. Mulas, & A. Mulas, Fluidized
bed desulfurization using lime obtained after slow calcination of limestone particles. Fuel, 114,
99-105. https://doi.org/10.1016/j.fuel.2012.11.072 (2013)

K. J. Vardhini, R. Murugan, R. Rathinamoorthy, others. Effect of alkali treatment on physical
properties of banana fibre. Indian J. Fibre Text. Res. 44, 459-465 (2019)

C.H.K. Mohan, G.G.V. Reddy, C.M. Gowda, Mechanical Properties of Untreated and Alkali
Treated Sida Acuta Stem Fibre. Int. J. Sci. Eng. Res., 6, 13521359 (2015)

Alann. (2006). Fibres for Strengthening of Timber Structures. www.cee.ltu.se

H. Chen, W. Zhang, X. Wang, H. Wang, Y. Wu, T. Zhong, & B. Fei, Effect of alkali treatment
on wettability and thermal stability of individual bamboo fibers. Journal of Wood Science,
64(4), 398—405. https://doi.org/10.1007/S10086-018-1713-0/FIGURES/6 (2018)

R. Mahjoub, J. M. Yatim, A. R. Mohd Sam, and S. H. Hashemi, (2014) “Tensile properties of
kenaf fiber due to various conditions of chemical fiber surface modifications,” Constr. Build.
Mater., vol. 55, pp. 103—-113

K. Zhang, F. Wang, W. Liang, Z. Wang, Z. Duan, & B. Yang, Thermal and Mechanical
Properties of Bamboo Fiber Reinforced Epoxy Composites.
https://doi.org/10.3390/polym10060608 (2018)

M.J. John, B. Francis, K. Varughese, S. Thomas, Effect of chemical modification on properties
of hybrid fiber biocomposites Compos Part a Appl Sci Manuf, 39 (2), pp. 352-363 (2008)

S. Wong, R. Shanks, A. Hodzic, Interfacial improvements in poly (3-hydroxybutyrate)-flax
fibre composites with hydrogen bonding additives Compos Sci Technol, 64 (9), pp. 1321-1330
(2004)

A. Ali, K. Shaker, Y. Nawab, M. Jabbar, T. Hussain, J. Militky, et al. Hydrophobic treatment
of natural fibers and their composites—a review J Ind Text, 47 (8), pp. 2153-2183 (2018)

C. 1. Abdullah, A.D. Azzahari, N.M.M.A. Rahman, A. Hassan, R. Yahya, Optimizing treatment
of oil palm-empty fruit bunch (OP-EFB) fiber: chemical, thermal and physical properties of
alkalized fibers Fibers Polym, 20 (3), pp. 527-537 (2019)

63


https://doi.org/10.1002/PC.24332
https://doi.org/10.1016/j.fuel.2012.11.072
https://doi.org/10.1007/S10086-018-1713-0/FIGURES/6
https://doi.org/10.3390/polym10060608

