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Effect of Alkaline Treatment on the Macromolecular,
Thermal, and Crystallographic Structures of Plantain
(Musa paradisiaca) Fibers

Patrick E. Imoisili2®"S. O. O. Olusunl@A. V. PopoolgtandA. E. Okoronkwo?

Natural fibres were extracted from Plantain (Musa paradisiaca)
pseudostem and modified using sodium hydroxide solution under
different conditions in terms of concentration and treatment time. In order
to identify the effect of this chemical modification on the macromolecular,
thermal, morphological, and crystallographic structures of the fibres, X-
Ray Diffraction (XRD), Fourier Transform Infrared (FTIR), Scanning
Electron Microscope (SEM), and Thermogravimetric Analysis (TGA)
were carried out on both treated and untreated fibres. XRD analysis
showed significant changes in the macromolecular and crystallographic
parameters of the fibre. FTIR spectra confirmed the partial removal of
wax, hemicellulose, and lignin. Thermogravimetric Analysis results
indicated enhanced stability of the fibres after treatment, while SEM
morphology showed that surface roughness was achieved for all
modified fibres. The fibres that were treated at 3% concentration for 4 h
(3N4) were found to have enhanced density, surface roughness, and a
higher degree of crystallinity. However, degradation was observed at
higher concentrations and prolonged treatment.
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INTRODUCTION

Health hazards and eneimmental concesiassociated with the conventional
synthetic fibressuch asaramid, glass, carboretc have motivated manufacturers and
scientists of fundamental research to develop alternative materials that are nontoxic,
biodegradable, high strength,ghi modulus, low densifyand low cost. In this In this
regard, the abundantly available natural plant fibre has been proved to be a boon in the
present energy crisis situati¢gdohn and Thomas 200& ousif et al. 2012 Rokbi et al
2001 Bachtiaret al. 2008). Some of the major disadvantagesnatural fibre include
poor wettability, incompatibility with some polymeric matriceend high moisture
absorption by the fiboreBachtiaret al. 2008) Researchers have over the years suggested
the use of chemicargatments for surface modification as a way of overcoming these
challenges and improvin@peé properties of natural fibré¥ousif et al.2012 Rokbi et al
2001, Bachtiar et al. 2008) Effect of chemical treatments on surface morphology,
thermal behavioyrand structure of natural fibres has been reported by various authors
(Yousif et al. 2012 Rokbi et al. 2001 Bachtiaret al. 2008 Caoet al. 2006 Kaith and
Kalia 2008 Caladoet al.200Q Kaushiket al. 2012)
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Pretreatments of natural fibre can remaueface impuritiegLi et al.2008) and
chemically modify the surface, reduce moisture absorption pexessd increase
surface roughneg&aith and Kalia 2008Caladoet al.200Q Kaushiket al. 2012 Mishra
et al. 2009. There is also a reduction ihe number of free hydroxyl groups of the
cellulose, which results in polarity reduction of the cellulose molecules and enhances
compatibility with polymer matrice@Caladoet al. 200Q Kaushiket al 2012. One of the
simplest and effective surface modéimn techniques widely used in natural fibre is the
alkaline treatmengYousif et al. 2012 Rokbi et al. 2001, Bachtiaret al. 2008 Caoet al.
2006) Alkaline treatment improves thére-matrix adhesion due to the removal of both
natural and artificialimpurities, improved the fibre wetting by fibrillation, which
increases the effective surface area available for contact with wet polymer matrix
(Kaushiket al 2012 Mishraet al.2009.

Researcharsuch as Chimekwenet al. (2010), Okafor et al. (2012), Alvarez
Lépezet al. (2014) and Candena Chet al. (2017) have all studig plantainfibres as a
source of naturdibre and their various applications. However, there is no report on the
effect of alkaline treatment on the macromolecular properties afitgh Musa
paradisiacg fibre. This work therefore, is aimed at evaluating the effect of chemical
modification on plantainMusa paradisiacafibre surface by applying alkaline solution
at different concentratiaand treatment tingee These actions aratended primarily on
the fibre bundles, to isolating the technicfbres and removing nowstructural matter
from them. A subsequent objectivasto evaluatehe effecs of these modifications on
the macromolecular, morphology, therpeaaid crystallograph parameters of thigore.

EXPERIMENTAL

Materials and Methods

Plantain Musa paradisiaca pseudo stem were collected from a local farm in
south west Nigeria state of Ondo after the harvest season ditar¢heas extracted from
3-yearold stem using water etting methods as reported by Paridah al (2011)
Extractedfibre was pale brown and eadibre length varies from 1 meter to lrbetes
with a density of 1.38g/cc).

Fig 1. Photograph of (a) plantain (Musa paradisiaca) species (b) extracted plantain fibre
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Treatment of Fibre
The extracted fibres were immersedalkaline solutiors of 1%, 3%, and 5%
concentration ofodium hydroxide. The soaking period of fibres was vaagd 2 and 4
h. Then the fibres were taken out from the solutiothrinsed with distilled water several
times to remove residualkalinity. Neutrality of the fibres was checked pi paper.
The fibres were dried at room temperature for 1 day. The fibres were then put in the air
circulating oven until the fibreeachedconstant weight. Generally, this work it took 6
to 8 h toachieveconstant weight of the fibre. The fibres were designated as 11V,
INa, 3Ny, 3Np, 3Ns, 5Ni, 5Np, and5Ns. The prefixes of ONOG denot
the alkaline solutionwhereast he suffi xes of ONO6 represent
fibre in the solution in hours. The wuntreate

Characterization of Fibre

In order to identify the effect of treatment on the crystallographic structures of
plantain Musa paradisiaca fibres, wide angle xay diffraction was carried out using a
Siemens E6000 powder diffractometer with monochromatic CuKa radiation 1.5418
A), using an acceleration voltage of 40 kV and 40 mA. The diffractigteamas scanned
from 5° to 50 2d, at a step size of 0.05and a rate of 5.00 o/min. The degree of
crystallinity was measured using Bruker/Siemens diffraction software package (Topaz
Rietveld Refinement software)Crystallite size was determined using the Debye
Sherr er @ Pendity maasuleraents of the fibres were done as per American
Standard of Test and Measurement (ASTM) D3800 Chemical compositions of the
untreated and treated fibres were investigated by the Tianjin GangDong FTiR 650
spectrometer spectrum in the midR Irange from 400 crh to 4000 cm.
Thermogravimetry analysis of the fibre was determined using NETZSCH thermal
gravimetric balance, (model TG 209). Fibre morphology was examined by Scanning
Electron Microscope Zeiss GeminiSEM) at 15.0 kV.

RESULTS AND DISCUSSION

XRD patterns of untreated and alkaline treated fibre are shoviigin2. The
broad peaks at 123&nd 22.6 in the fibre are characteristic of cellulose (Patraand
Bisoyi 2011 Klemm et al. 2005) and correspondo the (D1) and (@2) planes
respectively in the lignocellulose fibré®uajai and Shanks 2003).was observed that
with an increase in alkaline concentration in which the fibres were soaked from 1% to
3%, the degree of crystallinity, bulk densitand crystallite size of the fibrewas
increasegdas shown in Table 1. This may be due to the removtieodhmorphous part,
natural waxandimpurities of the fibreswhich increasgthe percentage of the crystalline
part(Patraand Bisoyi 2011)However, at a concentration of 5%, a daseein the degree
of crystallinity, bulk densityand crystallite size was observed, which \aftsibutedto
the removal of cellulosic materials along with lignin part at higher concentration and
soaking period in the solutiqiPatraet al.2013 Suardanat al.2011).
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Fig. 2. XRD spectral for untreated and alkaline treated fibres

Table 1. Various Crystallographic and Physical Parameters of Plantain Fibres

Fibre Degree of crystallinity Crystallite size Density (g/cc)
(%) A)
uT 53.07 23.39 1.33
1N1 53.25 24.30 1.36
IN2 55.19 25.04 1.38
1IN4 58.02 25.89 1.44
3N1 55.80 25.15 1.39
3N2 57.36 25.77 1.43
3N4 60.87 27.49 1.53
5N1 54.02 24.39 1.37
5N2 48.23 23.34 1.28
5N4 42.29 22.29 1.21

Figure 3 exhibits the FTIR spectra of untreated and alkalineated platain
fibres. The band at 1030n? is assigned to aromatic-B plane deformation for primary
alcohol in lignin which was significantly reduced after alkaline treatment compared to
the untreated fibres. The baatl 15051525 cm' correspond to the aromatic ring of
lignin (Pata and Bisoyi 2011)it shows a decreased absorbed intensity ratio after alkaline
treatment which confirms the reduction of lignin content. The pedk30cm?, which
corresponds to hemicellulose, was observed to dexratisr NaOH treatment; this
confirmed the removal of hemicellulose part from the fibvhich may be due to the
removal of acetyl group present in the hemicellul@ata and Bisoyi 2011)The band
at 330083500 cmt' is the characteristic of the axial vétion of hydroxyls from cellulose
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The broadness of this band increased with NaOH treatment due to change of the inter
and intramolecular hydrogen bonding in polysacchari(fesmeraldcet al.201Q Barreto
et al.2011)

% Transmittance

L
=
=

5

N d I v ) LJ v I d L b LJ v L)
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

Fig. 3. IR spectral for untreated and alkaline treated fibres

TGA thermographs of alkalinized fibre samples are showhign 4(a-c). First
stage decomposition (80 200°C) was due to primary change®. loss of moistureas
well asthe breakdown of hemicellulose and glycosiokdges (Kaushik et al 2012).
The alkaline treated fibres IFg. 4(a & b), showed higher decomposition temperatures
compared to the untreated fibréfowever a decrease in thermal stability was observed
for 5% alkaline treated fibre ifrig. 4c, an indiation that after chemical treatments
surface of fibores become more amorphous, which may be due to the degradétien of
crystalline part (Kim and Eom 2001).

For the second fibre decomposition stage (6850 °C), the alkalinized fibres
had less weightoss than the untreated fibres. These results indicate that portions of
hemicellulose and lignin constituents were removed from the fibre after treatment. The
final decomposition temperature decreases after alkaline treatments. The decrease in final
stagedecomposition (35@0 600°C), temperature indicates that after treatments, there
was much loss in cellulosic and lignin due to degradatam observed byther
researcher@aushiket al 2012).
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Fig. 4. (a-c) Thermogravimetric curve for untreated and (a) 1% Alkaline Treated Fibres, (b) 3%
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SEM micrographs ofalkaline treated fibre are shown in Fi§(aj). It was
observed in the untreated fibre (Ft), that the fibre surface was smoqgthesumably
covered with waxes and other impurities. The surface roughness of the fibre was
increased with increase in the concentration of the alkaline solution from 1% Thi&o
may be due to the removal of hemicelluldggmin, and surface impurities frothe fibre
hence provithg a rough surface to the fibre. Maximum surface roughness was observed
for 3N4 treated fibre (Figog), which may be due to the substantial removal of impurities
and partial removal of hemicellulose from the fibre. Thihe fibrows region became
more pronounced. On the other hand, higher concentration and longer duration of the
soaking period led to the degradation of the filareich may be due to degradation of the
cellulosic part and over denification of the fibre.

Ié

" IProbe= 250pA

I Prbe = 250 pA Noise Reduction Frame Avg Contrast= 24.0% 10um Noise Reduction = Frame Avg Contrast= 24.0%
|_| Mag=400x EHT = 5.00 kV Brightness = 51.0% ﬁ Mag = 400X EHT = 5.00 kV Brightness = 51.0% ﬁ
WD =43 mm Column Mode = High Resolution 16 Feb 2016 WD=44mm Column Mode = High Resolution 16 Feb 2016

: g 75 e A | - K A 2 \

10pm | Probe= 250 pA Noise Reduction = Frame Avg Contrast= 24.7 % 105m | Probe= 250 pA Noise Reduction = Frame Avg Contrast = 24.0%
Mag=400x EHT= 5.00 kv Brightness = 50.2 % w Mag=400x EHT= 5.00 kV Brightness = 50.7 % ﬁ
WD=3.6mm Column Mode = High Resolution 16 Feb 2016 WD=3.7mm Column Mode = High Resolution 16 Feb 2016

Imoisili et al. (2017) .Plaifitain fiore treatments, hignocellulose 6(2), 88-97. 94



PEER-REVIEWED ARTICLE L i g n O C el I U | O S e

Mag = 400x EHT = 5.00 kv Brightness = 50.7 %
WD=3.7mm Column Mode = High Resolution 16 Feb 2016

Mag = 400X EHT = 5.00 kv Brightness = 50.7 %

| Probe= 250 pA Noise Reduction = Frame Avg Contrast= 24.0%
ﬁ WD= 4.6mm Column Mode = High Resolution 16 Feb 2016

4
- 7 i
| Probe= 250 pA Noise Reduction = Frame Avg Contrast = 24.0% ﬁ

P z —— & - { /4 /
10um | Probe= 250 pA Noise Reduction = Frame Avg Contrast = 24.0 % 10um | Probe= 250 pA Noise Reduction = Frame Avg Contrast = 24.0%
Mag = 400X EHT = 5.00 kv Brightness = 50.7 % Mag=400x EHT= 5.00 kv Brightness = 50.7 % ﬁ
WD= 4.6mm Column Mode = High Resolution 16 Feb 2016 WD= 56mm Column Mode = High Resolution 16 Feb 2016

Fig. 4 (a-j). Longitudinal morphology of (a) UT, (b) 1N1, (c) 1N2, (d) 1N4, (e) 3N1, (f) 3N2, (9)
3N4, (h) 5N1, (i) 5N2, (j) 5N4
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