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The occurrence of muscle injuries due, for instance, to repetitive or physically
exhaustive work are increasingly common. This study aims to investigate the influence
of nanocellulose impregnation on the reinforcement a textile material that has already
provided good results in previous studies. The fabric impregnated with nanocellulose
is an intelligent textile that will be incorporated into a t-shirt, to create new personal
protective equipment (PPE), that intends to prevent and mitigate the effects of work-
related musculoskeletal injuries to the spine, namely low back pain. The correlation of
the results obtained with the results from an earlier study will be fundamental for the
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Introduction

The lumbar spine is an anatomical structure of extreme
importance because it supports a large part of the body weight, due
to the displacement of the human being. In this way, it is subject to
excessive wear, several types of stress and moments whish may be
in the origin of different pathologies [1]. According to the report IP
/ 07/752 of June 4, 2007, AESST, musculoskeletal injuries are the
most common work-related health problem, in Europe, affecting
millions of workers with a cost of billions for employers [2]. Ranney
defined (2000), work-related LMEs as a pathological state of the
musculoskeletal system, resulting from the cumulative imbalance
effect between the repeated mechanical stresses of work and the
adaptive capabilities of the affected body region [3]. However,
despite the diversity of pathologies, their symptoms are generally
the same and may be associated or individualized [2]. These lesions
mainly affect the dorsum-lumbar region, the cervical region and the
shoulders and upper limbs. This health problem ranges from mild
to severe pain and severe medical conditions that require medical

treatment. In chronic cases, they can even lead to disability [2]. One
of the major groups of LMEs are low back pain commonly known as

"repetitive strain injury” [2].

Sex and age are factors in the development of lumbar
complaints, as well as psychological factors [4,5]. The etiological
factors of low back pain are several, and this is often associated
with cumulative traumas that develop in individuals whose routine
extends throughout the day without pauses and without knowledge
of postural correction [6]. These factors are associated with the
fact that preventive methods, such as job rotation or ergonomic
adaptations, are not used [6]. Another interesting strategy, but little
used by workers in order to minimize the functional limitations and
symptomatology related to low back pain, is the use of personal
protective equipment, namely the lumbar belts. Still worsening,
many workers continue to carry on their activities, even presenting
low back pain. Several studies have shown that low back pain varies
according to the type of industry and occupation (Bigos). Despite the
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effectiveness of certain types of intervention, such as job rotation,
physical activity at work, health monitoring of workers and training
/ sensitization of workers, these present several limitations. There
is, therefore, a need to find other methods of prevention of work-
related MES that can be used during the work cycle and which are
more attractive to workers.

Intelligent Textile

The intelligent materials have a coupling between mechanical
and non-mechanical quantities, which gives the material a special
type of behavior. In this sense, it is possible to imagine numerous
applications due to the joining of fields thatare notusually connected
[7]. In this sense, it is possible to imagine numerous applications
due to the joining of fields that are not usually connected [7]. The
use of intelligent materials in the technological area attempts to
explore the idea of building systems and structures with adaptive
behavior that have the ability to improve properties and be repaired
when necessary. This search for new solutions has added value to
traditional textile substrates, guaranteeing new functionalities,
either by the use of new fibers, the development of new structures,
the application of new finishes or the inclusion of electronic devices
[8]. The focus on product innovation, in the traditional textile
industry, allowed the consolidation of an emerging area of study:
that of smart textiles. This type of textile introduces a sense of
change through incorporation into new products. In this way, the
fabrics begin to have an active behavior instead of possessing a
passive functionality [9].

By definition, an intelligent material can change its mechanical
properties (shape, hardness, viscosity) or thermal, optical or
electromagnetic properties, in a predictable and controlled manner,
to generate a response to the surrounding environment or stimuli.
These stimuli may have origin in a mechanical deformation,
temperature, vapor, pH, magnetic or electrical stimulus [10].
Nevertheless, after the textile structures manufactured, it is possible
to implement complementary characteristics through finishing
processes, such as hydrophilic or hydrophobic, antimicrobial or
selective permeability, among others [11]. The incorporation of the
“smart” feature in the textile industry can be carried out at various
levels, namely at fiber level, at the coating level or adapted to an
independent unit [12]. Smart textiles will tend to evolve so that the
entire system is composed of textile materials, ie sensors, actuators
and other materials are textiles [13]. The greatest difficulty will be
to obtain a flexible, washable (water resistant), end product with
good mechanical strength and electrical conductivity [14].

Phase Change Textile

Phase Change Materials (PCMs) are materials capable of
changing their physical state in a certain amount of heat, absorbing
the energy during the heating process and releasing it during
cooling. A unique comfort effect can be obtained with this type of

material used in textile materials [1]. PCMs, which are the same as

paraffins, are almost all constants, while clouds are protected. And
since there are PCMs, its wire temperatures are close to the normal
human body temperature (37°C) so they are quite useful when
applied to clothing, for instance in a sweater.

Nanocellulose

Increasingly, natural polymers are being investigated as well
as their properties, taking into account their sustainability. One
of such materials is nanocellulose, extracted from native cellulose
[15]. This material has been gaining notoriety in the textile
industry due to its physical and chemical properties, as well as
its availability, abundance and low cost. The fact that cellulose is
considered a very interesting material to be used as reinforcement
at the nano scale is due to the fact of being obtained from a
renewable and biodegradable source and having chemical and
mechanical properties that are appealing to various areas, such as a
high Young modulus, and mechanical resistance, low density, large
surface area, high surface area ratio per unit volume, low thermal
expansion coefficient, high aspect ratio, associated with a low cost
[16,17]. Celluloses are fibrous, resistant and linear homopolymers
[18]. As the
nanocellulose is used due to the superior chemical and mechanical

composed of D-anhydroglucopyranose units

properties that it possesses in relation to the cellulose, it is relevant
to take into account that such properties result from the smaller

amount of amorphous regions and the size of the crystals or fibers.

Thus, the nanocellulose obtained through biomass tends to be
the greatest point of interest, since it does not have amorphous
zones, as this is obtained by removing the amorphous zones of
the cellulosic fibers. Depending on the origin, the properties of
the vegetal nanocellulose vary, being able to be extracted not only
through wood, but also from plants, leaves, stems or fruits and
animals [19,20]. According to the extraction method, there are two
main types of nanocellulose that can be obtained, namely cellulose
nanocrystals (NCC) and cellulose nanofibres (NFC). The small size
of the fibers and the crystals, together with the structure and the
type of chemical bonds, make the mechanical properties of NCC and
NFC ideal for use as a reinforcing phase in polymeric composites.
They promote the increase of the stiffness and of elasticity modulus
of the matrix phase. However, the use of NFC has advantages
over NCC, in certain applications, due to its high length / width
ratio, which results in a higher mechanical strength and modulus
of elasticity [21]. The nanocellulose fibers can be subjected to
chemical or mechanical treatments, to obtain nanocrystals and
cellulose nanofibrils (CNF), or to be produced by bacteria, obtaining
bacterial cellulose (BC) [15].

Starch

Starch, a white, granular is an organic chemical that is produced
by all green plants. Starch is a soft, white, tasteless powder that
is insoluble in cold water, alcohol, or other solvents. The basic
chemical formula of the starch molecule is (C,H, O)n. It is a
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polysaccharide (q.v.)) comprising glucose monomers joined in 1,4
linkages. The simplest form of starch is the linear polymer amylose;
amylopectin is the branched form [22]. Starch is manufactured in
the green leaves of plants from excess glucose produced during
photosynthesis and serves the plant as a reservoir to food supply.
Starch is stored in chloroplasts in the form of granules and in such
organs as the roots of the tapioca plant; the tuber of the potato;
the stem pith of sago; and the seeds of corn, wheat, and rice. When
required, starch is broken down, in the presence of certain enzymes
and water, into its constituent monomer glucose units, which
diffuse from the cell to nourish the plant tissues.

In humans and other animals, starch is broken down into its
constituent sugar molecules, which then supply energy to the
tissues [22]. Most commercial starch are made from corn, although
wheat, tapioca, and potato starch are also used. Commercial starch
is obtained by crushing or grinding starch-containing tubers or
seeds and then mixing the pulp with water; the resulting paste
is freed of its remaining impurities and then dried. Aside from
their basic nutritional uses, starches are used in brewing and as
thickening agents in baked goods and confections. Starch is used
in paper manufacturing to increase the strength of paper and is
also used in the surface sizing of paper [22]. Starch is used in the
manufacture of corrugated paperboard, paper bags and boxes, and
gummed paper and tape. Large quantities of starch are also used in
the textile industry as warp sizing, which imparts strength to the
thread during weaving [22].

Materials and Methods
Taffeta Fabric (Polyester)

The textile materialused wasa 100% polyethylene terephthalate
(PET) web mesh, one of the most commonly used thermoplastic
polymers, better known by the trade name "polyester”. This choice
was based on previous studies that compared the morphological,
chemical and mechanical characteristics of different tissues
that underwent nanocellulose impregnation [1]. PET consists
of polymerized units of the ethylene terephthalate monomer,
with repeated units of (C, H,0,). For the manufacture of PET, the
main raw material is ethylene. It is oxidized to produce a dihydric
alcohol of glycol monomer which is further combined with another
monomer, terephthalic acid, at an elevated temperature in vacuum,
to polymerize. The resulting polymer is cooled and cut into small
pieces, which are melted and then extruded through a spinneret
and the filaments are subsequently introduced into the desired

polyester fiber.

After the polyester fiber created, it is transformed into a yarn,
consisting of unbroken yarns of textile fibers ready to be processed
into fabrics. These polyester yarns have a wide range of diameters
and fiber lengths and can be made basically as a monofilament or
multifilament line. The fabric was prewashed in order to eliminate
all foreign substances. This also directly contains a phase change

liquid material in the center of the textile fiber, since directly mixing
that material with the fiber polymer increases thermoregulatory
efficiency by substantially increasing the amount of PCM present
therein [23]. The mechanism of operation happens through
the thermoregulatory ingredient, a microcapsule, which is a
material with phase change. When it comes in contact with cold
environments, it solidifies by releasing heat, and when it comes
into contact with a high body temperature, the capsules become
liquid absorbing heat [23]. For sample preparation, twenty pieces
of fabric 15 mm wide and 140 mm long are cut, these dimensions
will be important for subsequent mechanical traction tests.

Nanocellulose

In the present study was used plant-based nanocellulose, since
it is an abundant resource, easy to acquire and low cost, compared
to other sources of production. The particle type was cellulose
nanofibers, which have amorphous and crystalline regions and a
percentage of approximately 100% cellulose [7]. The fibers have
between 0.5m to 2m in length, and between 4nm to 20nm in width
and height [7]. It was in the form of pulp, in order to facilitate the
coating of textiles. The cellulose nanofibers were purchased at
the University of Maine (Maine, U.S.A.) in the form of pulp, with
97% water content and 3% fibers. The main specifications of the
nanofibres used are white and odorless appearance, nominal fiber
width of 50nm, hydrophilic and with a density of 1.6 g/cm? for the
pulp form [24].

Potato Starch

Starch, a biodegradable natural polymer, can be used to form
edible or biodegradable films as packaging and is considered one
of the most promising biodegradable natural polymers, mainly
for its availability and price. The amido consists of two fractions,
the amylose (poly- -1,4-d-glucan) and amylopectin (poly--1,4-
d-glucan and -1,6-d-glucan). biodegradable and biocompatible,
and obtained from many renewable resources. Although both
fractions are composed of glucose residues, they exhibit different
physicochemical properties due to their different structures [25].
Generally, amylose has stronger gelatinizing properties than
amylopectin and linear amylose chains interact through hydrogen
bonds than the amylopectin branched chains. The levels of
amylose and amylopectin vary with the source, for example, potato
starch, which is produced on a large scale throughout the world
and widely used in the food industry, has on average about 20%
amylose and 80% amylopectin [26,27]. The potato starch when
mixed with water has a high viscosity and a good impact response,
being similar to a solid material. Due to all its properties, this
study used starch mixed with the nanocellulose to observe if the
characteristics attributed to the textile are more advantageous than
the characteristics conferred only by the nanocellulose. In this way,
a gel was first made by mixing the starch with distilled water and
raising its temperature to 65 °C, gelling temperature of the starch.
Subsequently, when a viscous gel was obtained, the nanocellulose
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was mixed. In this study, the proportion used to prepare this gel

was 20% potato starch, 20% nanocellulose and 60% distilled water.
Experiment

In order to make it possible to compare the chemical, physical
and mechanical properties acquired by the fabric with nanocellulose
and the nanocellulose and potato starch gel, four different
conditions were made for the preparation of the samples (Table
1). The textile was dipped in each of the solutions, nanocellulose in
pulp and nanocellulose-starch gel for two different times (0 and 30
minutes). Subsequently, the samples were taken to the oven at 65C
for five hours.

Table 1: Samples prepared.

Nanocellulose +
Nanocellulose Polp Starch
0 min. Al B
30 min. AZ 52

Fluorescence and Ultraviolet Microscopy

Using fluorescence and UV microscopy, it was possible to
observe and analyze the surface and cross-section of the fragments
and the morphological characteristics of fibers with a magnification
of 800x. For this analysis the Olympus BX50 microscope with Sony
CCD-IRIS camera, from the Forest Products Laboratory of the UTAD,
Forestry Department, was used with the help of Professor Dr. Jose”
Lousada and Mr. Armindo Teixeira [1]. Improved UV transmission
close to the optical system, including the lenses and the vertical
illuminator, ensures excellent brightness, sharpness and contrast
for fluorescence and UV images [28]. Olympus BX50 Microscope
Universal Illuminator accepts four fluorescence filter cubes that
combine dichroic mirrors with barrier and excitation filters
for rapid exchange between four wavelengths of fluorescence.
Simultaneous observation of fluorescence and phase contrast is
easily performed [28].

Average Density

Regarding the evaluation of these properties, some definitions
appear that are essential for understanding the behavior of this
material when subjected to certain requests. One of the important
concepts that arise is that of apparent and absolute volume. The
apparent (or total) volume, V, is defined as the sum of the volume of
matter and the volume of the voids contained therein [29].

V=V +V .

where V represents the apparent volume (m?), V_is the absolute
volume (m*) and V| is the volume of debris (m®) [29]. The density
(p) was calculated by the ratio between the mass (m) and the

apparent volume (V), expressed in g /cm3[29].
m

pP=—

A%

(2)

For the density estimation, only one sample of each treatment
was used: coating of the textile by immersion in the nanocellulose
during 0 min. and for 30 min. (A1 and A2, respectively) and textile
coating by immersion in the nanocellulose + starch mixture for 0
min. and for 30 min. (B1 and B2, respectively). In addition to these
samples, density was calculated for a standard sample (virgin
fabric). The samples were weighed in an analytical balance with
an accuracy of 0.001g and measured (length, width and thickness).
The volume was calculated considering a parallelepiped, whose
dimensions were 14 cm long 1.5 cm wide, the thickness dimensions
were obtained using a Nikon digital micrometer with precision
0.001 mm and then the density was evaluated.

Water Absorption

The test to assess the water absorption capacity provides a
measure of the quantity of liquid kept inside a sample, after specific
times of immersion and drainage. For this test, only one sample
of each treatment was used: textile coating by immersion in the
nanocellulose for 0 min. and for 30 min. (A1 and A2, respectively)
and textile coating by immersion in the nanocellulose + starch
mixture for 0 min. and for 30 min. (B1 and B2, respectively). In
addition to these samples, the water absorption capacity for a
standard sample (virgin textile) was calculated. The samples were
weighed in an analytical balance with an accuracy of 0.001 g in an
initial stage, still dry, (m ). Later they were weighed after 15min,
30min, 1h, 2h, 4h, 8h and 24h of immersion in distilled water (m).
Finally, the samples were completely dried and weighed again (m,
). From these data, it was possible to determine the percentage
of weight increase during immersion (4) and the percentage of
soluble matter lost during the immersion (5) [30].

m—m,

0, —_ —
3

Weight gain, /o

m,—m
Yo=—L—
Loss soluble matter, m

The method used for this test was based on "International
Standard D570-98, Standard Test Method for Water Absorption of
Plastics” [31].

Traction / Deformation

Mechanical tensile strength tests were performed on the Instron
5848 Microtester machine from the Mechanical Testing Laboratory
with the help of Professor Fa'bio Pereira. For this, 5 samples, all
with the same dimensions, 140x15 mm (length and width) were
evaluated. The analyzed samples were a virgin textile, one that was
dipped in the nanocellulose in pulp by Omin (A1), one that was
dipped in the nanocellulose in pulp by 30min. (A2), one that was
dipped in starch nanocellulose gel for Omin (B1) and finally another
that was dipped in the same gel for 30 min. (B2). Then, tensile
strength tests were performed at a displacement velocity of 5.5 mm
/ min. When a charge is applied to a solid, a deformation results in
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the solid. The deformation is elastic if it is completely eliminated
when the load is removed. If the deformation is permanent it is
called plastic [1]. The stress is the force / unit area o = F'/ 4
and the extension is the elongation / unitlength & = A4/ A. The
stresses and elastic deformations are proportional and are related
to the modulus of elasticity or Young’s modulus (E) by Hooke’s
Law o = E/ £ . It is implicit in this equation that tensions, and
extensions are axial. Note that in Hooke’s law, a linear relationship
between tensions and deformations, Young’s modulus represents
the slope of this line [1]. In this way, we will proceed to analyze
the values obtained by determining the modulus of elasticity that
will allow us to understand whether the sample has acquired more

elasticity or not.

Results and Discussion

Fluorescence and Ultraviolet Microscopy

Figure 1: Images obtained with fluorescence microscopy
of the samples with nanocellulose- Omin (a and b) and
nanocellulose- 30min (b and c).

Samples coated with nanocellulose and the mixture of
nanocellulose and starch were observed under a microscope at
a maghnification of 800x. The images were selected according to
the places of interest and captured by a digital camera coupled to
the microscope. In samples containing only nanocellulose there
is not much difference between those that were immersed in the
nanocellulose for a longer time and those that were immediately
withdrawn. In addition, it should be noted that there is a trend,
already mentioned in a previous study, for the existence of
agglomeration zones. In this study, although it is not as evident in
these images as it would be in the images obtained from a scanning
electron microscope, a smooth and flat weave with approximately
the same number of wires in both directions is observed and it is
confirmed a break of some fibers of the fabric. By analyzing the
images obtained from the samples containing the starch mixture
with the nanocellulose, we can already notice an evident difference

between the different dive times, and for a longer time a higher

concentration of solute is observed. As in the samples with only
nanocellulose, there are several agglomeration zones. In addition
to these zones which prevent us from clearly seeing the weaving,
many of blisters corresponding to the non-gelling starch are
identified, indicating that the gellitization has not been totally
completed (Figures 1 & 2).

Figure 2: Images obtained with fluorescence microscopy
of the samples with the mixture of nanocellulose and
starch- Omin (a and b) and nanocellulose- 30min (b and c).

Average Density

To calculate the density values, data were used to estimate the
sample masses, as well as their dimensions (height, length and
average thickness). The results obtained for the density as well
as the data are shown in the following table. Although the values
are not completely accurate since these values are based on only
one sample for each case and because each sample is considered
a parallelepiped to determine the volume, they help to realize in
general how interesting the application of the starch may be in this
project (Table 2) (Figure 3). By observing the obtained results, it
may be concluded that in fact the use of the starch is advantageous
in this case since the samples coated with the mixture (B1 and B2)
have the lowest density values.

Table 2: Density values and data.

Copyright@ Diana Neto | Biomed ] Sci & Tech Res | BJSTR. MS.ID.004433.

Samples A1l A2 B1 B2 Control
Length 14 14 14 14 14
(cm)
Height 15 15 15 15 15
(cm)
Average
Thickness | 0,0190 | 00188 | 00321 | 0,0938 | 0,0190
(cm)
Volume | 2990 | 03942 | 06735 1,9704 | 0,3983
(cm?)
W?Sht 02479 | 02686 | 03362 | 03694 | 0,2532
Density | 6213 | 06814 | 04992 | 01875 | 06357
(g/cm?)
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Density

Al A2 Bl B2

Samples

0,8000
0,7000
0,6000
0,5000
0,000
0,3000
0,2000
0,000
0,0000

Values of Debsity (g/em™3)

Contral  Other study

Figure 3: Density results.

Water Absorption

% Weight Gain
80
60
40
20

025h 05h

-20 0
-40
-60

— Al — A2 Bl B2 Control

Figure 4: Percentage of weight gain.

% Soluble Matter Lost
200

150
100

50

025h 05h 1h 2h 4h 8h

24h  End
-50

—Al —A2 Bl «——B2 Control

Figure 5: Percentage of soluble matter lost.

Water absorption can occur by materials in terms of "absorbed
water”, i.e. the amount of water absorbed from the medium.
Considering the textile structures, water absorption is one of the
most important mechanisms that occur during the interaction of
the yarn with water. Water molecules diffuse into the amorphous
regions of the wires array and break down inter-molecular hydrogen
bonds. This allows an increase in the inter-molecular distance of
the chains, which causes swelling. As shown in the figures below
with the graphs relative to the water absorption capacity of each
of the textile materials studied, in the first 15 minutes (0.25 h)

there is high water uptake by samples containing starch and the

control sample. However, starch samples also have a significant
loss of soluble matter during this time. However, it is observed that
the samples with nanocellulose, remain stable during the first 15
minutes (Figures 4 & 5).

After the first analysis and observing the rest of the graph,
it is verified that these results are quite inconclusive due to the
imprecision of these values. This general imprecision is due to a
high loss of matter on the part of all impregnated samples, which
is more significant in the samples containing starch. Unfortunately,
the values were also influenced by the variation of the ambient
temperature and by the difference of atmospheric conditions that
existed inside camera isolated from the used and external scale.
During this test, it was noted that each time the samples were
weighed at the end of their times, the balance was slow to stabilize
indicating that the sample being weighed was losing water during
weighing.

Traction / Deformation

As can be seen in the graph below, the behavior is elastic in all
samples analyzed, not reaching the plastic zone. Comparing the
samples, there are very significant differences, since the uncoated
sample presents values of tension higher than the others (x34.02
MPa), for the same value of elastic deformation (x0,12%). Follow
the sample impregnated with nanocellulose for 0 min. (*33.19
MPa) and of the impregnated sample with nanocellulose for 30
min. (#29.04 MPa). Finally, with the lowest voltage value we have
the samples impregnated with the gel, being the one that was
submerged during 0 min. has a higher stress value (18.50 MPa)
than it was for 30 min. (#5.97 MPa) for the same deformation value
(»0.12%) (Figure 6).

Tension (MPa)

'] a0z 0,04 0,06 008 0.1 012 014 0,16 018 02

Deformation (%)

——A2 —Al B1 82 ——Contral

Figure 6: Traction/Deformation graph.

In the following graph we can have a better perception of the
variation of the mean values of the Young’s modulus of the samples.
Samples with starch were found to have an average E value higher
than that of samples with nanocellulose in pulp (A1x390.42 MPa,
A2x367.74 MPa). Both starch and nanocellulose samples that were
submerged for less time presented higher values of E than those that
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were longer Thus, the lowest value (¥83.67 MPa), corresponding to
the sample with starch that was submerged for 30 minutes (Figure
7). In this test, it was not possible to compare the Young’s modulus
values obtained with the best results from the other study that have
been reported since the assay conditions were different.

E (MPa)

350
300
250
200
150
100
- I .
0
Al A2 Bl 82

Figure 7: Results of Young’s modulus.

Control

Conclusion

1)  With the microscopy, we conclude that there is a greater
adhesion of the nanocellulose in the fabric, when it is mixed with
the starch. Although the impregnation method of this gel has to be
improved.

2) Inthe density tests, we verified that the less dense sample
was the one that was immersed in the starch gel for a longer time.
However, in the continuation of this study, the method of calculating
the volume should be altered to make the results more accurate.
One way to do this, could be to determine the volume through the
water displacement.

3) As for water absorption tests by the samples, it was
found that there is a large loss of matter on the part of all prepared
samples, but more clearly those containing starch. In order to
render the results more accurate, a method of attaching the gel to
the fabric should be investigated so that it does not dissolve in the
water. Also, the external conditions of this test would have to be

meticulously controlled.

4) The traction tests proved to be the most promising
because it indicated that the textile underwent a great increase in
elasticity when impregnated with nanocellu- lose and starch for
longer time.
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