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Cellulose microfibres from banana fibre waste have been isolated and characterised. Bleached banana
waste fibres were hydrolysed, under different conditions, to study the effects of temperature, reaction
time, and acid concentration on the properties of the resultant cellulose microfibres. As the concentration
of acid used in the hydrolysis was increased, more stable aqueous suspensions of the cellulose product
were obtained and the dimensions of the resulting cellulose microfibres were reduced. XRD studies
reveal that cellulose prepared by such hydrolysis was more crystalline than the banana fibres. The effect
of initial dimension of banana fibres on the size of cellulose microfibres was also examined.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Over the past decades there has been a growing interest in the
use of natural fibres as reinforcing fillers in polymer matrices
(Mohanty, Misra, & Hinrichsen, 2000; Samir, Alloin, & Dufresne,
2005). The fibres can be utilised for reinforcement in the long form,
short form or in a derived form.

The banana plant fibres are fibrous residue of pseudo-stems and
leaves left over after banana cultivation. India is one of the larger
producers of banana plants. Banana cultivation generates a consid-
erable amount of cellulosic-based waste. The banana fibre wastes
generated is lignocellulosic in nature. The comestible part, the
fruit, constitutes only 12% by weight of the plant. The remaining
parts become agricultural waste, causing environmental problems
in banana farming regions. This residual resource is rich in cellu-
lose, a feature that has attracted much interest due to the potential
use of such materials as a reinforcing component in high perfor-
mance composite materials.

The use of nanoparticles and microparticles as reinforcements
in high performance composites and other structural materials
has attracted interest (Gacitua, Ballerini, & Zhang, 2005). In the last
decade, effort has been placed on developing nanofillers from var-
ious natural resources. Cellulose has emerged as a strong candidate
for providing nanoparticles for use as a reinforcing agent.

Microcrystalline cellulose (MCC) is widely used, especially in the
food, cosmetic and medical product industries. Such applications in-
ll rights reserved.
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volve MCC acting as one or more of the following ways: as a water-
retainer, as a suspension stabilizer, as a flow characteristics control-
ler in the systems used for final products and as a reinforcing agent
for products such as medical tablets. MCC is obtained on an indus-
trial scale through the hydrolysis of wood cellulose and of cotton cel-
lulose using dilute mineral acids. The preparation of MCC from
wheat and cereal straws (Alemdar & Sain, 2008; Jain, Dixit, & Varma,
1983), jute (Abdullah, 1991), soybean husk (Nelson, Edgardo, &
Ana, 2000), flax fibres and flax straw (Bochek, Shevchuk, &
Lavrentev, 2003), sugar cane bagasse (Bhattacharya, Grminario,
& Winter, 2008), mulberry barks (Li et al., 2009) and peel of pear
fruits (Habibi, Mahrouz, & Vignon, 2009) has been studied.

The controlled acid hydrolysis of native cellulose fibres yields
highly crystalline, rod-like particles through the selective degrada-
tion of the more accessible material. Depending on their origin,
these microfibrils differ in lateral size. Upon the action of strong
acids, these fibres break down into short crystalline rods or cellu-
lose microcrystallites, having shorter lengths, ranging from a few
hundreds of nanometers to a few microns.

Acidic hydrolytic cleavage is dependent on the acid species, the
acid concentration, the time for hydrolysis and the temperature of
the hydrolysis reaction. Under controlled conditions, cellulose
microcrystals can be obtained using sulphuric acid hydrolysis. This
process induces the grafting of the sulphate groups, randomly dis-
tributed on the cellulose microfibril surface, providing a negative
electrostatic layer, covering the microfibrils. The different treat-
ments of these charged microcrystallites, such as mechanical dis-
persion or ultrasonication, permits the dispersion of the
aggregates and finally produces colloidal suspensions. Because of
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their stiffness, thickness, thickness distribution, length and length
distribution, these rod particles are commonly called ‘‘whiskers’’
(de Souza Lima & Borsali, 2004). The controlled hydrolysis condi-
tions with sulphuric acid (temperature, time, and acid content)
lead to whisker suspensions that neither precipitate nor flocculate.
This effect is mainly caused by electrostatic repulsion between the
negatively charged particles on their surfaces.

Zhang et al., have proposed a method for the synthesis of cellu-
lose nanospheres from cotton fibres by using mixed acid treatment
(6:1:3 = water:HCl:H2SO4) (Zhang, Elder, Pu, & Ragauskas, 2007). It
was observed that the product mixture consisted of two different
particle size species, averaging approximately 500 nm and 70–
200 nm. The study revealed that cellulose nanoparticles of smaller
sizes could be obtained by a further acidic sonication of the initially
sonicated cellulose fibres. The authors pointed out that there was a
linear relationship between the size of the cellulose nanoparticles
and the treatment time. Another observation was that the initial
cellulose sample was cellulose I, whereas the obtained cellulose
spherical particles were of cellulose II polymorphic character.
Bhattacharya et al. have reported the isolation of cellulose microfi-
brils from bagasse, a sugar cane by-product by using 60 wt.% sul-
phuric acid (Bhattacharya et al., 2008). The authors reported that
bagasse was more resistant to hydrolysis than were the tunicate,
bacterial and wood celluloses. Dong et al., examined the effect of
the preparation conditions (time, temperature and ultrasound
treatment) on the resulting microcrystalline cellulose structure
from the sulphuric acid hydrolysis of cotton fibres (Dong, Revol,
& Gray, 1998). The authors found a decrease in microcrystalline
cellulose fibre length and an increase in the surface charge of the
particles with prolonged hydrolysis times.

It has been reported that cellulose whiskers prepared by sulphu-
ric acid hydrolysis are more stable than those prepared using hydro-
chloric acid (de Rodriguez, Thielemans, & Dufresne, 2006). Indeed,
the sulphuric acid prepared whiskers present a negatively charged
surface. The hydrochloric acid prepared whiskers are not charged.
Another way to achieve charged whiskers consists of the oxidation
of the surface of the whiskers (Araki, Wada, & Kuga, 2001; Isogai &
Kato, 1998) or the post-sulphonation of the hydrochloric acid pre-
pared microcrystalline cellulose (Araki, Wada, Kuga, & Okano, 1999).

Zuluaga et al. have isolated cellulose microfibrils from banana ra-
chis, using a combination of chemical and mechanical treatments
(Zuluaga, Putaux, Restrepo, Mondragon, & Ganan, 2007). The chem-
ical treatment involved treatment of bleached banana rachis resi-
dues with a mixture of 80% acetic acid solution and 70% nitric acid
solution at 120 �C for 15 min. The washed and purified cellulose
was sonicated for 15 min. In the mechanical process, a bleached res-
idue was suspended in water and homogenized. It was noted that an
acidic treatment resulted in shorter aggregates of parallel cellulose
microcrystallites. Individualised or bundled microfibrils were ob-
tained by homogenization. In another report, banana pseudo-stem
fibres have been used for the preparation of sodium carboxymethyl-
cellulose (Mario, Marseno, & Haryadi, 2005).

The objective of the present study was to examine the possibil-
ity of using sulphuric acid hydrolysis method for the preparation of
cellulose microfibres from banana fibres and to characterise the
resultant microfibres. The effect of preparation conditions such
as time, temperature, acid concentration and initial dimension of
the banana fibres, on the cellulose microfibre structure and charac-
teristics has also been investigated.

2. Experimental

2.1. Materials

The banana fibres used as the source of cellulose fibrils were
supplied by the Fibre Design Centre, Khadi and Village Industries
Commission (KVIC), Trivandrum, India. Sulphuric acid (>98%) and
the other chemicals that were used in the pre-treatment of banana
fibres were of analytical purity, obtained from Fisher Scientific, UK.

2.2. Isolation of cellulose microfibres from banana fibres

The cellulose microfibres were generated from the banana fibres
by an acid catalysed hydrolysis route. The banana fibres were ground
to approximately 500 lm in size, using a cutting mill, (Retsch GmbH
SM1, Germany), with a 500 lm stainless steel trapezium shaped
sieve. The isolation of cellulose fibres required the removal of other
components such as lignin, hemicellulose and pectin from the bana-
na fibres. This step was achieved by the use of an alkaline solution
treatment and bleaching. The alkaline solution treatment was de-
signed to solubilise the pectins and the hemicelluloses. Banana fibres
were treated with 1 M NaOH, at 80 �C, for 4 h (Bhattacharya et al.,
2008). Solubilised components were then removed by washing with
deionised water. The bleaching treatment was performed to break
down phenolic compounds or molecules having chromophoric
groups present in lignin and to remove the by-products of such
breakdown, to whiten the pulp. This is achieved by treating the ba-
nana fibres with 5% NaOCl, at 30 �C, for 3 h (Mario et al., 2005). Dur-
ing bleaching, the lignin was oxidised and became soluble in the
alkaline medium. After this pre-treatment, the cellulose pulp was
washed with deionised water until pH of 7 was reached. The centri-
fuged residue was then subjected to controlled acid hydrolysis to
provide the required cellulose microfibres. After hydrolysis, the mix-
ture was diluted ten-fold with distilled water and neutralised with
an alkaline solution, followed by centrifugation. The aqueous sus-
pension of the residue was dialysed against deionised water and son-
icated for 30 min in an ultrasonic bath. This suspension was freeze
dried (LSL Secfroid, Switzerland). For the sake of comparison of effect
of drying on the morphology, one of the sample suspensions (sample
4A45) was subjected to both freeze drying and spray drying (BUCHI
190 Mini Spray dryer, Switzerland). The dried products were then
stored in a desiccator.

There exist reports concerning the hydrolysis of cotton, black
spruce, flax fibres etc. by using 64 wt.% H2SO4 at 45 �C (Beck-Can-
danedo, Roman, & Gray, 2005; Cao, Dong, & Li, 2007; Viet, Beck-
Candanedo, & Gray, 2007). The size reduction was shown to be
slight when 64 wt.% H2SO4 was used to hydrolyse the banana fi-
bres. Therefore, in the present work, the banana fibres were treated
with H2SO4 across a range of higher concentrations by varying
reaction times, under different controlled reaction temperatures.

To study the influence of the acid concentration in the hydroly-
sis reaction, banana fibres were treated with solutions of sulphuric
acid in water that contained 76, 70 or 64 wt.% of sulphuric acid,
respectively. In the following discussion, the resulting samples
have been referred to as A (76% sulphuric acid used), B (70% sul-
phuric acid used) and C (64% sulphuric acid used), respectively (Ta-
ble 1). The influence of initial dimensions of the banana fibres on
the hydrolysis reaction was also evaluated (Table 2). The ground
banana fibres were sieved using test sieves of 355 lm, 250 lm,
150 lm and 38 lm aperture sizes (Endecotts Ltd., England). These
sieved fibres were hydrolysed under the same conditions as those
used for sample 4C45 (Table 1). The respective sieved samples have
been termed as 355-4C45, 250-4C45, 150-4C45 and 38-4C45. The
characteristics that were monitored were the size, the morphology,
the change in crystallinity of the cellulose microfibres and the zeta
potential of the aqueous suspensions of microfibres.

2.3. Characterisation

2.3.1. Zeta potential measurement
The zeta potential is an important parameter for examining dis-

persion stability. The zeta potential of the cellulose suspensions that



Table 1
Effect of reaction conditions on the acid hydrolysis of banana fibres.

Sample code Acid concentration
(wt.%)

Temperature
(�C)

Treatment
time (Hours)

4A45a 76 45 4
4B45b 70 45 4
4C45c 64 45 4
4C65 64 65 4
6C65 64 65 6
8C65 64 65 8

a 4, treatment time in hours; A, acid concentration of 76 wt.%; 45, reaction
temperature in �C.

b 4, treatment time in hours; B, acid concentration of 70 wt.%; 45, reaction
temperature in �C.

c 4, treatment time in hours; C, acid concentration of 64 wt.%; 45, reaction
temperature in �C.

Table 2
Effect of initial dimension of banana fibres on acid hydrolysis.

Sample
code

Initial size of
banana fibre
(lm)

Acid
concentration
(wt.%)

Temperature
(�C)

Treatment
time
(Hours)

355-4C45 >355 64 45 4
250-4C45 355–250 64 45 4
150-4C45 250–150 64 45 4
38-4C45 106–38 64 45 4

Table 3
Zeta potential values of aqueous suspensions of cellulose.

Sample Zeta potential (mV)

4A45 �41.32
4B45 �22.35
4C45 �20.72
4C65 �28.53
6C65 �29.67
8C65 �32.01
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were prepared by the above mentioned methods was measured
using a Malvern 3000 Zetasizer. Aqueous suspensions of the cellu-
lose samples (2.5 mg/cm3) were prepared using the freeze dried
samples. The mobility of the particles undergoing electrophoresis
was measured using dynamic light scattering studies. This measured
electrophoretic mobility was then converted to the zeta potential.

2.3.2. FT-IR spectroscopy
FT-IR spectroscopy was used in examination of changes in the

chemical composition of the cellulose fibres after chemical treat-
ment. The untreated banana fibres and the dried powders that
were derived from the aqueous suspension of treated banana fibres
were analysed. The cellulose samples that were prepared using the
different reaction conditions were also evaluated by FT-IR spec-
troscopy. A Perkin–Elmer Spectrum One spectrophotometer was
used to provide the spectrum of each sample. Spectra were taken
at a resolution of 4 cm�1, with a total of 100 scan for each sample.
The FT-IR spectrum of each sample was obtained in the range of
4000–400 cm�1 in the transmission mode.

2.3.3. Thermogravimetric analysis
Thermogravimetric analysis was performed in a study of the

thermal characteristics of the cellulose microfibre samples. The
thermal behaviour of each freeze dried samples (�10 mg) was
determined, using a TGA 2050 series thermogravimetric analyzer
(TA Instruments), across a temperature range of 30–500 �C, at a
heating rate of 10 �C/min, in a nitrogen environment (Purge rate
details: Balance chamber flow rate = 30 cm3/minute, furnace flow
rate = 150 cm3/minute).

2.3.4. Scanning electron microscopy
The morphology and particle size of the various cellulose micro-

fibre samples were investigated by using scanning electron micro-
scope (SEM) and field emission scanning electron microscope
(FESEM). For the cellulose microfibre samples, freeze dried samples
and spray dried samples were used. The samples were sputter
coated with gold to avoid subsequent charging before measure-
ment by SEM. Images were taken on a JEOL JSM-820 model SEM
and on a Hitachi SU6600 FESEM.
2.3.5. XRD analysis
XRD measurements were performed on a PANalytical X’Pert

PROMPD system. The diffracted intensity of Cu Ka radiation
(0.154 nm, 40 kV and 30 mA) was measured in a 2h range between
5� and 70�. Ground banana fibres and the hydrolysed cellulose
samples were subjected to crystallinity analysis.

3. Results and discussion

3.1. Zeta potential measurement

Zeta potential measurements were carried out on aqueous dis-
persions of relevant microfibrous cellulose samples, prepared un-
der the specified hydrolysis conditions. Relevant data are given
in Table 3. All of the cellulose suspensions, in neutral water,
showed a negative zeta potential value. Among the cellulose sam-
ples, sample 4A45, generated using the 76 wt.% sulphuric acid
solution, gave the highest negative value. In the C series (cellulose
samples prepared by using the 64 wt.% sulphuric acid solution) the
zeta potential increases with increase in the temperature of the
hydrolysis reaction. From these results, it is clear that the influence
of temperature is dominant, being more significant than the reac-
tion time at a given temperature. For the cellulose samples that
were prepared using the highly concentrated acid, a greater value
of zeta potential was observed. It is known that insufficient
hydrolysis of cellulose may result in larger particles (less surface
area per unit mass) with a lower mean surface charge, favouring
particle–particle interaction (Hebeish & Guthrie, 1981).

3.2. FT-IR spectroscopic analysis

The FT-IR spectroscopic analyses of the untreated banana fibre,
the alkaline solution treated banana fibre, the bleached banana fi-
bre and the hydrolysed banana fibre samples (Fig. 1a) reveal that
compositional changes occur in the fibre structure during hydroly-
sis. The prominent peak at 1731 cm�1 that is seen in the spectrum
of the untreated banana fibre can be attributed either to the acetyl
and uronic ester groups of the hemicelluloses or to the ester link-
age of carboxylic group of the ferulic and p-coumeric acids of lignin
and/or hemicelluloses. No equivalent peak is displayed in the FT-IR
spectra of the chemically treated banana fibres, indicating the re-
moval of most of the hemicelluloses and lignin from the fibres,
by the applied chemical extraction. The peaks at 1513 cm�1, in
the spectrum of the untreated fibres represent the aromatic
AC@CA stretch of the aromatic rings of lignin. The lack of this peak
in the treated fibres is attributed to the removal of lignin during
treatment. The lack of bands at 1731 cm�1 and at approximately
1513 and 1239 cm�1 implies the effective removal of lignin, pectin
and hemicelluloses in the treated fibres. The peak at 1425 cm�1 is
due to the ACH2A bending. The sharp peak observed at 1313 cm�1

indicates ACAH asymmetric deformations. The peaks in the region
from 1200–950 cm�1 are due to ACAOA stretching. The
ACAOACA pyranose ring skeletal vibration gives a prominent
band at 1022 cm�1. The increase in intensity of the band at
1022 cm�1 shows the increase in the cellulose content. The



Fig. 1. (a) FT-IR spectra of banana fibres after different treatments. (b) FT-IR spectra
of cellulose microfibres produced under different reaction conditions.

Fig. 2. TGA curves of cellulose microfibres derived from banana fibres of different
dimensions.
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893 cm�1 band in the FT-IR spectrum of the chemically treated ba-
nana fibres is typical of the structure of cellulose. The small, sharp
band at 893 cm�1 represents glycosidic AC1AH deformation, with
a ring vibration contribution and AOAH bending. These features
are characteristic of b-glycosidic linkages between the anhydroglu-
cose units in cellulose (Alemdar & Sain, 2008).

Fig. 1b shows the FT-IR spectra of the cellulose microfibres that
were prepared by using the different reaction conditions. All the
samples prepared under varying reaction conditions gave very
similar spectral patterns to that of cellulose. The only difference
observed was in the peak intensity, especially the intensity at
3600–3000 cm�1, which corresponds to the –O–H group; varying
for each sample. This implies either that the moisture content in
each of the samples may differ, or that, as a result of hydrolysis,
cellulose chain scission occurs to various extents, leading to differ-
ent amounts of free –O–H groups being present. This effect can be
appreciated from consideration of the decrease in the broadening
of the hydroxyl peak.

3.3. Thermogravimetric analysis

Fig. 2 gives the consequences arising from the heating and sub-
sequent pyrolytic degradation of the cellulose microfibre samples
that were produced from banana fibres of different dimensions.
There was a weight loss of about 3%, during heating to 120 �C. This
corresponds to the vaporisation and removal of bound water in the
cellulose samples. The cleavage of the glycosidic linkages of cellu-
lose, leading to the formation of H2O, CO2, alkanes and other
hydrocarbon derivatives, occurs in the temperature range of
230–370 �C. After 380 �C, the residual decomposition products
maintain a slow degradation profile (El-Sakhawy & Hassan,
2007). Differences in the decomposition profiles, for the four sam-
ples, indicate the slight differences in the thermal stability of the
samples. However, the final residue values are very similar.
3.4. Scanning electron microscopy

Fig. 3a shows an SEM image of banana fibres after they had been
subjected to alkaline solution treatment and bleaching. Fig. 3b and
c displays the SEM images of a spray dried cellulose sample and
freeze dried cellulose sample respectively. These samples were ob-
tained by acid hydrolysis, using 76 wt.% sulphuric acid, as de-
scribed earlier. The spray dried sample, (4A45), shows doughnut
shaped species that are well defined and separated. The freeze
dried sample, (4A45), appears as an aggregation of flake assemblies
of microfibres.

In Fig. 3a, the pre-treated banana fibres appear as long narrow
fibrils of reasonably uniform length of size between 100 lm and
1 mm, approximately. The fibre diameters are reasonably consis-
tent at a value of �15–20 lm.

Fig. 3b represents the cellulosic component as discs that are
reasonably uniform in shape and size. The doughnut shaped
assemblies are between 2 lm and 15 lm in diameter. However,
the proportion of larger particles is small. The doughnut shaped
particles, shown in Fig. 3b (sample 4A45), arise as a consequence
of the spray drying process (Chaubal & Popescu, 2008). In this pro-
cess, droplets of cellulose–water dispersion are sprayed from an
orifice into the drying chamber. These very small droplets soon
lose their aqueous component. However, the rules of surface phe-
nomena for a fluid composition must apply (smallest volume per
unit mass). This leads to the formation of the spherical array that
becomes distorted on further drying.

At a first glance, Fig. 3c, (4A45), representing freeze dried cellu-
lose species, shows the particles as stacked flakes. However, the
fibrillar structure of each of the particles can be discerned, as can
the hollow nature of ends of fibril bundles. Fig. 3d shows magnified
image (FESEM) of the same, which contains cellulose fibrils of
width 40–100 nm. From the figures it is clear that each stage of



Fig. 3. (a) SEM image of pre-treated banana fibres. (b) SEM image of spray dried cellulose sample – 4A45. (c) SEM image of freeze dried cellulose sample – 4A45. (d) FESEM
image of freeze dried cellulose sample – 4A45. (e) SEM image of freeze dried cellulose sample – 4B45. (f) SEM image of freeze dried cellulose sample – 4C45.
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the treatment produces cellulosic fibrils that are markedly differ-
ent in assembly. However, the fundamental physical and chemical
nature of each fibril may not be compromised. The particles are
seen as different assemblies of cellulose fibrils.

Fig. 3c, e and f shows the SEM images of cellulose fibres that
were generated by the hydrolysis reaction, using sulphuric acid
at different concentrations (76, 70 and 64 wt.%), with the reaction
temperature being 45 �C. From the images, it is clear that the sul-
phuric acid concentration has much influence on the dimensions
of the resulting cellulose fibres. As the concentration of the acid
is increased, under otherwise identical conditions, considerable
particle size reduction, coupled with a loss of ‘‘fibrous character”
identity occurs, indicating the ‘‘surface etching and erosion” nature
of the hydrolysis process.

An attempt was made to ascertain the effects of the time of
hydrolysis and initial dimension of banana fibres, on the products
of the hydrolysis reactions. Thus, Fig. 4a–c shows the SEM images
of cellulose fibres produced by the acid hydrolysis of banana fibres
at a temperature of 65 �C for a period of 4 h, 6 h and 8 h, respec-
tively. From the images it is clear that as the duration of hydrolysis
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is increased the size of the resulting cellulose fibres is reduced and
that the rods become more flattened or disordered. Fig. 4d–f is SEM
images of cellulose fibres that were produced by the acid hydroly-
sis of banana fibres of different initial dimensions. Fig. 4d shows
Fig. 4. (a) SEM image of freeze dried cellulose sample – 4C65. (b) SEM image of freeze dr
(d) SEM image of freeze dried cellulose sample – 355-4C45. (e) SEM image of freeze drie
4C45. (f0) FESEM image of freeze dried cellulose sample – 38-4C45.
the SEM image of cellulose fibres created by the hydrolysis of ba-
nana fibres obtained after sieving in a sieve of 355 lm aperture
size. Fig. 4e shows the SEM image of cellulose fibres created by
the hydrolysis of banana fibres obtained after sieving in a sieve
ied cellulose sample – 6C65. (c) SEM image of freeze dried cellulose sample – 8C65.
d cellulose sample – 150-4C45. (f) SEM image of freeze dried cellulose sample – 38-
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of 150 lm aperture size. Fig. 4f0 shows the SEM image of cellulose
fibres created by the hydrolysis of banana fibres obtained after
sieving in a sieve of 38 lm aperture size. Fig. 4f 0 shows the FESEM
image of the same sample (sample 38-4C45), which illustrates the
presence of cellulose particles of 20–25 nm in size. From the fig-
ures it is clear that, the less the dimensions of the starting material
(banana fibre), the easier it is to obtain cellulose microfibres with
smaller dimensions.
3.5. XRD analysis

Studies were made of the influence of the hydrolysis process on
the crystalline or ordered nature of the resulting cellulose fibrous
species. From Fig. 5a, it can be seen that the cellulose that was sub-
jected to the hydrolysis procedure is more crystalline than the ini-
tial banana fibres. This indicates that the banana fibres contain
both crystallites and amorphous/disordered regions. These disor-
dered regions were removed by the acid hydrolysis. Thus, during
the hydrolysis process, the banana fibres were converted into more
crystalline cellulose species. The increase in the overall order of the
hydrolysed fibres can be attributed to the removal of the hemicel-
luloses and lignin during the chemical treatment. The diffracto-
grams, probably representing typical cellulose I diffractograms,
show a peak at 2h = 22� and a shoulder in the region 2h = 14�–
17� (Bondeson, Mathew, & Oksman, 2006).

Fig. 5b shows the XRD profiles of cellulose microfibres that were
prepared under the different conditions, described earlier. From
the figure, it is clear that all of the samples give similar diffraction
Fig. 5. (a) XRD curves of banana fibre and cellulose microfibres. (b) XRD curves of
cellulose microfibres prepared under different conditions.
patterns. The only difference concerns a slight intensity changes in
the peaks, representing minor changes in the level of order in the
samples.

4. Conclusions

Cellulose microparticles that possess different structural and
morphological characteristics can be prepared from the controlled
hydrolysis of fibres derived from banana plant waste. The proper-
ties show a dependence on the conditions used in the hydrolysis
process, such as the concentration of the sulphuric acid, the tem-
perature of the hydrolysis system and the method used to dry
the microfibrous species. The extent and the nature of the hydroly-
sis influence the dimensions and the surface charge of the resulting
particles and the level of disorder that is created. Significant size
reductions were obtained when banana fibres of initially smaller
dimensions were used. The materials that have been developed
show potential for inclusion in a variety of polymer composite sys-
tems, for use across a range of biomedical applications.
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