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ABSTRACT ARTICLE HISTORY

The rapid development of technology in textile industries has been improving textile finishing ~ Received: 06.07.2020
properties such as durability, water replants and breathability. Enset is effectively un-utilized agro- ~ Accepted: 29.03.2021
waste fiber composed of cellulose, hemicellulose and lignin, which are resemblance to banana fibers.
This paper focused on the utilization of enset waste materials for the production of nano fiber. Enset
nano fiber (ENF) was fabricated by defibrillation of raw fibers from the surface of enset woven
fabrics into micro and nano-scale fibers by a-amylase enzyme treatment and then mechanical
hammering. Instead of sandwiching the nanofiber mats between conventional woven fabrics, in this
research work, nanofiber mats were manufactured on the surface of the conventional woven fabrics.
This top-down nanofabrication approach is simple, cost-effective and environmentally friendly
nanofiber manufacturing technique from the surface of woven fabric structures. Fiber characterization
was done by fourier transform infrared spectroscopy (FTIR) and scanning electron microscope
(SEM). The surface area, pore size and pore volume of enset nano fiber was analyzed by brunauer,
emmett and teller (BET). The test results revealed that nano fiber fabrication was significantly
affected by the used enzyme concentration and applied mechanical power. Enset micro fiber was
formed when 10 % (w/v) concentration of a-amylase enzymatic treatment was applied while enset
nano fibers were formed when the enzyme concentration was increased to 15% - 20 % (w/v). The  Amylase Enzyme, Cellulose,
FTIR results revealed that hemicellulose and lignin were effectively removed and fine fibers were ~ Enset Nano Fiber, Green
defibrillated from the crystal structure of enset woven fabrics. The SEM microscopic image also ~ Synthesis, Mechanical
confirmed the formation of the enset nano fiber ranges from 660nm-63 nm. Hammering
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1. INTRODUCTION materials are completely different from the materials at
large scale [4]. Commonly, the manufacturing of nano scale
materials can be done by either bottom-up or top-down
technique [5]. Recently, nanofabrication processes have
been growing with new manufacturing techniques such as
chemical vapor deposition, high pressure homogenization,
electrospinning, chemical and biological treatment
processes [6]. The fabrication approach of nanofiber must
be a reliable and cost-effective process. Pressures on
reducing petrochemical materials consumption and global

Due to the rapid development of new technologies and
sustainable routes, people are pushed to find out smart
fabrics in addition to their comforts [1]. Nanotechnology
plays a significant role in terms of increasing comfort,
functionality and durability of textile products [2]. It is a
mechanism used to develop next-generation materials
having high surface area, flexibility, high porosity and
lightweight, which are necessary for our day to day
activities [3]. The properties and behavior of nano scale
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warming have been pushing the researchers and
manufacturers to find out eco-friendly nano fibers which
are obtained from natural resources [7]. Nano materials
obtained from the hemicelluloses have a lot of advantages
like their biodegradability and renewable natures [8].

Cellulose nanofibers are synthesized from different part of
plants by different methods but their isolation processes are
carried out in three steps (1) raw material pretreatments, (2)
partial hydrolysis of the materials by chemical or enzyme
treatments and (3) delamination of the nanofibers by
mechanical mechanism such as hammering and grinding
[91. The most commonly used cellulose nanofibers
synthesize techniques are done by using strong acids, called
acid hydrolysis nano fiber preparation methods [9, 10]. But,
this nanofiber manufacturing method has a lot of
disadvantage such as toxic, non-ecofriendly and long
processing steps [10, 11]. In conventional cellulose nano
fiber manufacturing methods, the utilization of cellulose
materials with their effluent biochemical treatments causes
significant environmental effects. For example, the
dissolution of starch by either etherification or esterification
processes are carried out by using huge amount of solvents.
Moreover, the processes are done by involving toxic
reagents. As a result successive washing is required before
the cellulose nanofibers are used in different applications
[12]. Recently, researchers have tried to solve this prolong
steps by introducing a new environmentally friendly
nanofiber manufacturing methods by using different types
of enzymes [12]. The most commonly used enzymes for
hydrolysis  lignocellulose  materials are  cellulase,
endoglucanases, amylase and xanthomonas [13]. Kumari P.
et al. in 2019 synthesized cellulose based nanofibers from
biomass of lemongrass by enzyme hydrolysis techniques.
According to this study, the cellulose nano fibers were
isolated by hydrolysis of the lemongrass after extracting of
the oils from the leaves. This nanofiber fabrication system
is not cost-effective processes. Because, this nanofiber
manufacturing method needs additional chemicals such as
NaOH, solvent (acidified sodium chlorite) and buffer
(sodium-citrate) for hydrolyzing lignocellulose part of
lemongrass [13]. Also, Tibolla H. et al in 2014 studied the
manufacturing of cellulose nanofibers from banana peel by
using different chemicals and enzyme such as KOH,
NaClO;, H2SO4, xylanase and acetate as a buffer. In this
nanofiber manufacturing method, the banana peel and bran
were passed through alkali treatments, bleaching, acid
hydrolysis and finally enzymatic treatments were carried
out [14]. Similarly, Liu X. et al. in 2019 studied about
cellulose nanofiber manufacturing from northern bleached
softwood pulp (NBSK) by enzymatic treatments and
mechanical grinning mechanisms. According to the study,
the NBSK fiber was immersed in deionized water and
continually grinded by Ultrafine Grinder (10-15 J with a
speed of 1500 rpm) [15]. Qing Y. et al. in 2013 also studied
about the syntheses of cellulose nanofibers from bleached
Kraft eucalyptus pulp by micro-fluidization and refining
processes in combination with enzyme and 2,2,6,6-

tetramethylpiperidine-1-oxyl (TEMPO) oxidized treatments.
The studies revealed that, the nanofiber was defibrillated by
two stone grinding disks having a speed of 1500 rpm [16].
Nanofibers obtained from cellulose based materials which
are manufactured by conventional nanofabrication
technologies have poorer mechanical strength [17]. In order
to solve such problem, recently post-treatments and
hydrogel structures have been made by crosslinking and
forming network between the consecutive nanofibers [17,
18]. The manufacturing of textile products such as
advanced yarns and woven fabrics from nanofibers by
using commercially available vyarn and fabric
manufacturing machines could not easily achieve the
desired textile structures [19]. Mostly nanofibers based
woven fabrics are produced by sandwiching the nanofibers
between two conventional woven fabric structures [19].

This research work focuses on the production of nano fibers
from the surface of enset fiber woven fabrics by a-amylase
enzymatic treatment and mechanical hammering rather than
sandwiching the nanofiber mats within the woven fabrics.
Enset fiber is a lignocellulose fiber obtained from bast and
midrib of enset plant under the Musaceae family [20]. The
fibers morphologically resemble to banana fiber [21]. It is
effectively un-utilized agro-waste fiber grown in Africa,
especially in Ethiopia. In this study, enset nanofibers and
their surface nanofiber fabrics were synthesized from the
conventional enset woven fabrics by simple, cost effective
and reliable physico-mechanical techniques which are not
used before. a-amylase enzyme, which is one of the most
known starch digestive enzyme, was used for the removal
of immature starch and hemicellulose [22]. Three different
concentrations (10%, 15% and 20% w/v) of a-amylase
enzymes were used to split out lignocellulose fibers into
fine fibrils with the aid of mechanical hammering until the
desired level of nano fibers were obtained from enset
woven fabrics [23, 24]. SEM and FTIR characterizations
were used to analyze enset nano fibers. Brunauer, Emmett
and Teller (BET) analyses were carried out to investigate
total surface area and pore structures of enset nano fibers,
which were manufactured from enset woven fabrics. The
basic different of enset nanofibers fabrication techniques
with o-amylase enzyme via mechanical hammering from
most commercially used nanofiber fabrication methods are,
the nanofibers and their manufacturing process is organic
method, high vyield, no need of additional solvents and
buffering agents, 2 step process, no need of grinding
machine, cost effective and fully environmental friendly
process.

2. MATERIAL AND METHOD
2.1. Material

The enset fabric was purchased from G7 Industrial Business
Group (Addis Ababa, Ethiopia). Different concentrations of
a-amylase enzymes (10, 15 and 20% w/v) were used to
defibrillate the immature lignocellulose part of the fibers
from woven fabrics. The a-amylase enzyme was obtained
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from chemical sells company, called “Alfa Kimya Sanayi ve
Ticaret A.S”. This enzyme has 1.0 g/cm® of density at room
temperature, 6-7 pH value and it is easily soluble in water at
any type of ratios. Effective working temperature of this
enzyme for fabric treatment is 30-70 °C.

2.2. Method

Enset nano fiber was produced from the surface of enset
woven fabrics. Both enset fiber and enset plain woven
fabrics were used for this study. For easier mechanical
hammering, the enset fabric was found to be more convenient
than enset fiber. In this research work, nanofibers were
manufactured from the surface of the conventional enset
woven fabrics. There are three major types of nano fiber
fabrication approaches: mechanical, chemical and
biological nano fabrication [6, 23, 25]. This study was
conducted by combining the technology of biological
treatments and mechanical hammering approaches for the
defibrillation of fiber from the tope surface of enset woven
fabrics. For this study, HP-630 hot plate and Scilogex-
0S40-S Mixer were used to prepare the homogenous
enzyme solution and boiling the impregnated enset fabric in
enzyme solutions at the desired temperature and enzyme
ratios. A 2.5 Kg weight of hammer was employed as a
source of mechanical power for beating the surface of enset
woven fabrics. Evo-40 Scanning Electron Microscopy
(SEM) measurements were conducted for the examination
of micro and nano structure of the treated and mechanically
hammered enset fibers. Bruker-Tensor-37-FTIR was used
for the chemical characterization of untreated and treated
enset fibers. It was also used to analyse the removal of
immature lignocellulose during enzymatic treatment
(enzyme hydrolysis process) and mechanical hammering.
BET measurement was conducted with the degassing
temperature at 90 °C by using Micrometer-Tristar 11, which
is used to measure the specific area of nanofibers.

Preparation of enset fabric samples

Enset woven fabric samples were cut into 20 X 20 cm?
dimension for homogenous enzymatic treatment and
mechanical hammering.

Enset nanofibers manufacturing mechanisms

The logical approach of enset nanofiber fabrication was
based on top-down nano materials manufacturing
technique. Due to large numbers of inter-fibrillar hydrogen
bonds present in the lignocellulose structure of enset
fabrics, the defibrillation of micro- and/or nano-fibrils from
the surface of enset fabrics in water is impossible only by
using mechanical hammering. Also, this mechanism
requires large amount of energy to defibrillate the fine
fibers. In order to overcome this problem, the enset fabric
was first treated with enzyme. In which the enset
micro/nano fibers would be separated from each other by
enzymatic treatment and mechanical hammering from the
surface of woven fabrics until the desired micro and nano

enset fibers were extracted, by forming a lot of branched
fine fibers as depicted in Figure 1. Instead of sandwiching
the nanofibers between two woven fabrics, in this work,
nanofibers were manufactured on the surface of the
conventional woven fabrics by continues hammering.

Enzymatic treatment

Enset fabric was treated with a-amylase enzyme prior
mechanical hammering. The prepared enset fabric samples
were weighted and then pretreated with three different
concentrations of a-amylase enzyme (10, 15 and 20% wi/v)
for 1 hour at a temperature of 35 + 2 °C with 30:1 material
to liquid ratio. The treated enset fibers were cooled and left
for 6 hours in the aqueous solution to give enough time for
better swelling and digestion of hemicellulose. Hereafter,
the enzyme treatments, the enset fabric samples were
deactivated by raising the temperature of solution to 90 °C
for 20 minutes. Then, the enset fabric was washed with hot
water 3 times to remove the deactivated a-amylase enzyme.
After all these treatments, the swollen enset samples
became ready for mechanical hammering.

Mechanical Hammering

The surface of enset fabrics were subjected to mechanical
damage and fiber defibrillation by hammering until the
desired fine fibers were defibrillated from the surface of
macro scale enset woven fabric into micro/nano fibers at
wet condition (wetted with diluted o-amylase enzyme) as
shown in Figure 1B. Enzymatic treatment and mechanical
hammering was repeated 5 times. Then, the micro and/or
nano fibers obtained by these mechanisms were boiled with
water to deactivate the diluted a-amylase enzyme at a
temperature of 90 °C for 20 minutes. Finally micro and
nano fibers were washed with cold water and then dried in
autoclave for 30 minutes at a temperature of 110 °C under
15 psi pressures.

Enset nanofibers characterization:

The morphology of mechanically extracted enset nano fibers
from the surface of woven fabrics were examined by using
SEM imaging technique. Chemical characterization of
untreated enset fibers and treated enset nanofibers were
analyzed by FTIR spectroscopy. The thermal decomposition
properties of enset fiber and their fine fibers were examined
with the help of TGA. BET analysis was done to reveal the
surface area, pore size and pore volume of ENF.

Mechanical strength test:

Tensile strength of neat and mechanically hammered
(treated with o- amylase enzyme) enset fabrics were done
by using Shimadzu strength tester (with 5KN load cell with
a speed of 100 mm/min). All the test specimen preparations
and tests were conducted based on the ASTM standards and
in warp direction. The average values were used as the
measured value.
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Figure 1. Schematic illustration of micro and nano enset fiber preparation by mechanical hammering.

3. RESULTS AND DISCUSSION Enset nano fibers would be used to produce more advanced
yarns, fabrics and composite structures having unique
properties such as high durability, higher weight to strength
ratio, large surface area and bio-degradable products. In this
regard, morphological observations of untreated and treated
enset fibers were carried out via SEM analysis.

The properties and performance of textile fibers have a
significant effect on the physical and mechanical behaviors
of yarns as well as fabrics. Advanced fiber modification
and their physico-mechanical treatment must be taken in to
account on its final end use and environmental effects.
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Figure 2. (a) Hallow Morphologic View of Enset Plant, Cell Phone Photograph (25Mp), (B) SEM: Natural Composite Structure of
Single Enset Fiber (C) SEM: Multicellular (Bundles) View of Enset Fiber (D) SEM: Micro Pores and Cross Sectional View of
Enset Fiber.
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3.1. ENF Formation and Scanning Electron Microscope
Analysis of Enset Fiber

The microscopic images of enset fiber indicated that the
fibers were defibrillated from the multicellular structures
into fine fibrils having lots of helical-hollow shaped and
convoluted cross sectional areas as shown in Figure 2a to
Figure 2d. Moreover, Figure 2b and 2d show single
macroscale enset fibers containing a number of consecutive
layers in its structure. Because of its microspore structure as
shown in Figure 2a and Figure 2d, the defibrillation of the
fiber into micro and nano scale structures was achieved by
simple mechanical hammering. The fine fiber formation
occurred by the reduction of its hierarchical structure of
hemicellulose and lignin parts of raw enset fibers. The
defibrillation of enset fiber from the upper surface of the
woven fabric created lots of branched fine fibers as shown
in Figure 2c. So, enzymatic treatment and mechanical
hammering was used for the separation of layered
structures into a number of branched fibrils and formed new
fine fibers having the same properties like the virgin enset
fiber as shown in Figure 2c.

The applied treatment changed the morphology of enset
fiber in terms of its size (diameter) from 2um to 63 nm.
Figure 3a indicated that the enset fiber was clustered
because of ineffective removal of lignin which joined

cellulose and hemicellulose to form the macroscale enset
fiber while Figure 3b indicated that the lignin was
effectively removed and naturally connected layers were
started to defibrillate into two and more. Successive
enzymatic treatment and mechanical hammering continued
the defibrillation of enset fiber structure until the desired
nano fibers were obtained (Figure 3c and 3d).

In a preliminary study, up to 5 % (w/v) concentration of a-
amylase enzymatic treatment, the enset fiber fibrillation
was not clearly observed as seen in Figure 4 and 5 [2].
When the concentration of a-amylase was increased up to
10 % (wi/v), micro fibrils having a size of 2 to 20 um were
formed and additionally started to protrude from the upper
surfaced of enset woven fabric (sequentially shown in
points 1, 2 and 3 in Figure 4). Likewise when the
concentration of a-amylase enzyme was increased from 10
%( wiv) to 15-20 % (wi/v), macroscale fiber was further
defibrillated and fine sized enset nano fibers were started to
be formed depending on the applied mechanical power. At
15% (w/v) concentration of o-amylase enzyme, the nano
fibers were observed at a large size of diameter of 133 nm —
660 nm. This can be seen at point 4 in Figure 4. When the
concentration of a-amylase enzyme was increased to 20%
(w/v), the fibers were additionally further fibrillated into
very fine scaled nano fibers having diameter between 85.07
- 63.19 nm shown at point 5 in Figure 4.

Pa=216.2 nm
Pul=150.9°

Figure 3. SEM View of a-Amylase Enzyme Treated and Mechanical Hammered Enset Fiber: (A) Clustered Enset Fiber (B) 10% (W/V)
o-Amylase Enzyme Concentration. (Micro Enset Fiber) (C) 15% (W/V) a-Amylase Enzyme Concentration (Nano Enset
Fiber) (D) 20% (W/V) a-Amylase Enzyme Concentration (Nano Enset Fiber).
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Figure 4. SEM: Hierarchical Defibrillation of Macro-Scale Enset
Fiber into Enset Nano Fiber (1) Ordinarily Enset Fiber
(2) Fine Denier (3) Micro Scale (4) Enset Nano Fiber
Having Higher Nanometer Values and (5) Enset Nano
Fiber Having Lower Nano Number Values.

The hierarchical structure of enset fibers was further
defibrillated by oa-amylase enzyme and mechanical
hammering was continued until lower size diameter of
micro and nano fibrils were obtained. Observations made in
Figure 4 and Figure 5 indicate that the virgin enset fiber
was swollen and immature hemicellulose structure began to
split out from the macro scale structure and form sub macro
and micro structures of enset fiber. The removal of
deposited film was done by mechanical hammering till the
desired fine fiber structure was obtained (Figure 4).

Sub-macro Structure
Enset Fiber

</

Micro structure
Enset Fiber

_.!; «M
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Enset Fiber
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\ Enset Fiber
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Figure 5. Gradually Removal of Hemicellulose and Lignin from
the Macro Structure of Enset Fiber by Mechanical
Hammering.

3.2. Chemical Analysis of the Neat and Treated Enset
Fibers with FTIR Spectroscopy

The FTIR results were used to prove the chemical
modification and defibrillation of enset fiber treated with o-
amylase enzyme. The FTIR plots of treated samples were
compared with those of untreated enset fiber and given in
Figure 6. The peaks in the band of FTIR spectrum of 3331

cm revealed that enset fiber had O-H group in its structure
[27]. With the peak at 2917cm™ wavelength, C-H aliphatic
and aromatic stretching groups were shown and this
indicates the presence of cellulose, hemicellulose and lignin
[21,27,28]. Likewise, the peaks at 1730 cm™ and 1665 cm™
of enset fiber indicated the presences of C=0 stretching
group of hemicellulose and C=0 stretching conjugate
aromatic ring respectively [21,29]. The absorption bands
between 1500 cm? and 600 cm™? indicated the fingerprint
region of the fiber in its infrared spectrum. The peaks at
1422 cm revealed aromatic ring vibrating in cellulose and
hemicellulose [30]. The absorption spectra at the peak of
1242 cm™ and 1100 cm? exhibited C=C and C-O stretching
ester group of hemicellulose and lignin groups in cellulose
structure respectively [31]. Moreover, the absorption at
1028 cm?, C-O, C=0, C-C-O stetching were due to the
presence of cellulose, hemicellulose and lignin in the enset
fiber [8, 30, 31]. Curves in A and B regions in Figure 6
described a major difference in peak heights and shapes
between untreated and treated enset fibers at a wave
number range from 1500 to 1000 cm™. The immature
hemicellulose and excess lignin part of enset fibers began to
defibrillate from the virgin enset fiber structure. Under the
FTIR absorption band ranging from 1500 cm™ to 1000 cm*
wave number, the prominent peaks seen in Figure 6 at the
point (a), (b) and (c) disappeared for the treated fibers.
Moreover, the major peak shapes as well as their peak
height were gradually wiped out for the treated enset fiber
depending on the amount of used a-amylase enzyme. At
the wave length of 1500cm™, the shape of the FTIR peaks
encircled with red color (A) pointed at “a”, “b” and “c” in
Figure 6 revealed the removal of hemicellulose from macro
structure of enset fibers and the enset fibers began to
defibrillate to produce micro and nano enset fibers [27,31].

The fine fibers began to defibrillate from the cellulose part
of the fiber at the concentration of 10% (w/v) a-amylase
enzyme as shown at point (a), encircled with black, in
Figure 6. Mostly the fine fibers were obtained by this
concentration up to 2um diameter size. The peak of wave
length of 1100 cm?, corresponding to C-O stretching
conjugate (lignin) and 1321 cm™, ring condensed stretching
(lignin) revealed the removal of excess lignin from enset
fibers [32]. Moreover, there was a clear peak shape
difference between untreated and treated enset fiber at wave
number of 1100cm!. This phenomenon proved that the
treatment of enset fiber with enzyme helped for easy
defibrillation of macro fiber from woven fabrics into fine
structure (encircled with black color (B) in Figure 6) [33].
At the concentration of 15 and 20 % (w/v) of a-amylase
enzyme (shown at point (b) and (c) encircled with black in
Figure 6), the micro fibers were fabricated up to 2-200 um
and enset nano fibers with 63-85 nm size respectively.
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Figure 6. FTIR: Gradual Wiped-out of Hemicellulose and Lignin from Enset Fiber with a-Amylase Enzyme Treatment and Mechanical
Hammering.(a) 10% (w/v) a-amylase Enzyme Treated,(b) 15% (w/v) a-amylase Enzyme Treated and (c¢) 20% (w/v) a-

amylase Enzyme Treated Enset Fiber.

3.3. Thermal Characterization of Enset Nano Fiber
(TGA)

The weight loss of enset fiber and enset fine fibers were
measured and analyzed by Thermo Gravimetric Analysis
(TGA) with respect to the decomposition temperature. The
thermal analysis was conducted between 30 and 800°C
shown in Figure 7. The TGA curve revealed that enset fiber
remained thermally stable up to the decomposition
temperature reaching to 227°C while this temperature raised
to 264°C with medium and highly treated enset fibers. At
lower decomposition temperature ranging from 38-115°C
of raw enset and treated fine enset fibers, only the moisture
present on their components were evaporated [34]. The
water loss of raw fiber and medium (15% wi/v) and highly
(20% wiv) treated enset fibers was realized around 9 % at
the initial decomposition temperature of the fibers due to
evaporation of water shown in Table 1. The major thermal
degradation of raw, medium and highly treated enset fibers
was observed at temperatures of 240 and 285 °C
respectively.

A drastical thermal degradation occurred due to the
breaking of glycoside linkage of cellulose, rupture of lignin
and decomposition of hemicellulose [35]. The major
thermal degradation of raw enset fiber was observed

between 230 and 346 °C with a mass loss of 74 %. Whereas
medium and highly treated enset fibers had a weight loss of
76 and 89 % at temperature rannge of 260-390 °C
respectively. The overall residuals of raw fiber, medium
and highly treated enset fibers after the whole thermal
decomposition were ensued 24, 17 and 13% respectively at
the temperature of 800 °C. The TGA graph approved that
medium and highly treated enset fibers have better thermal
stability than raw virgin enset fibers.

100
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80 Raw Enset Fiber
———— Medum Treated Enset Fiber

Highly Treated Enset Fiber

70
60
50
40

Weigth Loss (%)

30
20
10

0

0 100 200 300 400 500 600 700 800

Temperature (0€)

Figure 7. TGA Curves of Raw, Medium (15% w/v) and Highly
(20% wiv.) Treated Enset Fibers.

Table 1. Cumulative Weight Loss (%) of Raw Enset Fiber and Treated Fine Fibers

Type of Fiber and weight loss (%)

Temperature (°C)

100 ‘ 200 | 300 ‘ 400 ‘ 500 ‘ 600 ‘ 700 ‘ 800
Raw Enset Fiber 10 30 75 75 75
Medium Treated Enset Fiber 10 20 78 81 82 83 83
Highly Treated Enset Fiber 9 10 20 82 85 86 87 87
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Enzymatic treatment and mechanical hammering of enset
fibers resulted weight loss and fiber damage due to the
hydrolysis and uncontrolled fiber breakage respectively.
The concentration of enzyme and applied mechanical
hammering power had a direct effect on the possibility of
micro/nano fiber formation and fiber weight loss. The test
result proved that, when the concentration of a-amylase
enzymes were used beyond 20 % (w/v), the enset fibers
were degraded the main cellulose components of the fibers
were partially destroyed rather than fine fiber formation. So
in order to solve such kind of problems and to get a better
quality of fine enset fiber, the applied mechanical power
and concentration of enzyme must be determined in an
optimum manner.

3.4. Surface Analysis (BET) of Enzyme Treated and
Mechanically Hammered Enset Fibers

The specific surface area of the amylase treated and
mechanically hammered enset fibers were investigated using
nitrogen gas adsorption method and Figure 8a, 8b and 8c
demonstrated the isotherms of the treated enset fibers. A type-
IV isotherm and H3-type hysteresis loop was observed from
the plot, and the results revealed that the fibers contained
mesoporous structure [26,36]. The sharp rise in the loading at
the lower values of P/Po of treated enset fibers indicates a
high surface area, the abrupt loading transition in the P/Po
range of 0.1 - 0.4 reveals a uni-modal pore size and the
presence of hysteresis confirmed that the existence of micro
and mesoporous since unrestricted monolayer-multilayer
adsorption occurring at high P/Po. The measured BET surface

areas were 4.271, 4,596 and 11.60 m?/gr for 10, 15 and 20%
w/v concentration of o-amylase enzyme treated samples
respectively. The surface area of treated fine enset fiber was
improved by 270 % when the concentration of used o-
amylase enzyme was changed from 10 to 20 % (w/v)
respectively. The surface area could be increased with
transforming more macro fiber to micro and nanofibers by
increasing mechanical hammering and concentration of o-
amylase enzyme used.

3.5. Mechanical Test Results of Neat and Hammered
Enset Fabrics

The mechanical strength of the fabric was purposely
affected by enzyme treatment and mechanical hammering
to defibrillate the micro and/or nano fibers from the surface
of the fabrics. The mechanical strength of the neat and
hammered (treated with enzyme) enset fabrics was
investigated by using tensile and tear strength measuremets.
The test results revealed that the average tensile strengths of
the neat and mechanically hammered enset fabrics were
580 and 148 N respectively as shown in Figure 9. It
indicates that the tensile strength of enzymatically treated
and mechanically hammered enset fabrics were 4 times
inferior to neat fabrics (loss their tensile strength by 400%).
Likewise the tear strength test results approved that the
fabric tear strength was highly affected and the warp and
weft threads were pulled out from the woven fabric
structure rather than propagating and continue tearing
processes. Because the warps and wefts threads are
purposely distracted by mechanical hammering, they lost
their strength as compared with neat fabrics.
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Figure 8. BET Curve, Surface Area Analysis of Treated Enset Fiber (a) 10 % w/v, (b) 15% w/v and (c) 20% w/v concentration of a-

amylase enzyme.
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Figure 9. Neat and Mechanically Hammered (treated with a-amylase enzyme) Enset Fabric Tensile Strength Test Results.

4. CONCLUSION

This research work focuses on the production of nano fibers
from the surface of enset woven fabrics by a-amylase
enzymatic treatment and mechanical hammering rather than
sandwiching the nanofiber mats within the woven fabrics.
Enset nanofibers and their mats were synthesized on the
conventional enset woven fabrics. For this purpose,
enzymatic treatment and following mechanical hammering
was used to remove excess immature hemicellulose and
lignin from enset fibers. a-amylase enzymatic treatment and
mechanical hammering of enset fibers on the enset woven
fabrics defibrillated and formed micro and nano fibers. This
mechanical hammering nano fiber fabrication was a simple,
cost-effective and green synthesis mechanism of fine fiber
(Top-Down nanomanufacturing techniques). The formation
of micro as well as nano fiber was dependent on the
percentage of o-amylase enzyme and the applied
mechanical power. Higher enzyme concentration (15% - 20
% wiv) would have been a higher possibility to form nano
fibers. The microscopic view revealed that green fabricated
micro and enset nano fibers had a diameter of 133-660nm
and 63-85 nm respectively. The TGA graph approved that
medium and highly treated enset fibers had a better thermal
stability than raw enset fibers. The measured BET surface
areas increased from 4.271 m?/gr to 4.596 and 11.60 m?/gr
from 10 % to 15 and 20 % w/v concentration increase of a-
amylase enzyme treated samples respectively.The surface
area could be increased with transforming more macro fiber
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