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Abstract

Chemical softener (Cepreton UN) is used to soften the cellulosic fiber (cot-
ton) in the textile industries to make clothes better to touch. Therefore, this
study investigated the effects of Cepreton UN on both physical (length, aspect
ratio, contact angle, and moisture regain) and mechanical (load at break,
elongation at break, tensile stress, young’s modulus, and tenacity) properties
of the lignocellulosic canola (HYREAR 3) fibers extracted from narrow, me-
dium, and wide stems. ANOVA showed that fiber diameter had strong effects
on elongation at break, load at break, tensile stress, young’s modulus, and as-
pect ratio for all fibers. Corrgram values showed that tensile stress, young’s
modulus, and aspect ratio were negatively correlated to fiber diameter whe-
reas load at break and tenacity were mostly positively correlated to fiber di-
ameter. The fibers were treated with 2% and 10% Cepreton UN and com-
pared with control fibers. In most cases, the fiber diameter was decreased in
both 2% and 10% treated medium stem fibers. The mean values of elongation
at break, load at break, tenacity, and contact angle were decreased for 10%
and increased for 2% and the mean values of tensile stress, young’s modulus,
and aspect ratio were decreased for 2% and increased for 10% treated me-
dium stem fibers. Moisture regain (%) mostly decreased for 2%, and increased
for 10% treated fibers. Low pH (4.5) had an almost similar effect on fibers as
2% Cepreton UN. Overall, 2% Cepreton UN treatment is found to be better
than 10% to make canola fibers less stiff and low pH was found to be an al-
ternative softener treatment strategy.
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1. Introduction

Canola (Bassica napus) fibers, derived from plant bast, are being researched for
textile and apparel applications in recent times. To maintain durability, a textile
must have a certain level of mechanical strength to tolerate the wear and tear
that occurs during regular use [1]. Mechanical stress on textiles produced from
natural fibers such as cotton, wool, and jute is greatly influenced by machine
washing [2]. Jute is considered the second most important natural bast fiber be-
hind cotton (seed fiber) [3] [4]. The fabric texture is hardened by squeezing and
fraying of the fabric surface; moreover, the fabric becomes tighter after drying in
the air [2].

Surface modification of fibers can reduce/enhance moisture absorption and
enhance/reduce fiber-matrix interfacial bonding, wettability, roughness, and hy-
drophilic features, which can improve/decrease the tensile properties of fiber
cementitious composites/textile applications [5]. Fiber surface modification could
be done by physical [6], chemical [7], or biological methods [8]. Chemical sof-
teners significantly influence various fabric properties, such as roughness, bond-
ing, wettability, tensile strength. Softeners are a type of conditioner containing
cationic, anionic, or non-ionic surfactant or alkoxyalkylamide and can be ap-
plied in laundry during the rinse cycle or transferred to the textile during drying
from an inert cellulosic or polyurethane substrate [9]. Bast fibers are usually stif-
fer because they consist of millions of microfibrils angled inside the cellulosic fi-
bers, with the angles of cellulosic fibers being inversely proportional to stiffness
[10]. Among the fibers considered, cotton has the highest cellulosic (88% - 96%)
and lowest lignin (wood fiber content) content (0.4% - 1%) and thus exhibits the
highest flexibility and twisting capacity. Similarly, jute contains less cellulose
(61% - 75.5%) than cotton but more than canola (44%) and contains more lignin
(12% - 13%) than cotton but less than canola (19.21%) showing less flexibility
than cotton but more flexibility than canola [11] [12] [13].

When examining a textile, people generally touch the textile in an automatic
manner, using their hands to assess the fabric [14]. Thus, considering the appeal
to consumers, the use of softeners has diversified in recent years, with a focus on
fragrance, deodorizing, and/or antibacterial qualities of the fabrics. Nonetheless,
softeners still provide the primary function of softening clothes, a function that
has remained unchanged over time [15].

Though the market is overflowing with many products, in this study, we ap-
plied a cationic softener (Cepreton UN) to observe its effects on stem-specific
lignocellulosic canola bast fibers, as Cepreton UN primarily softens cellulosic
(cotton) fibers. Cepreton UN is a concentrated cold-water-soluble cationic sof-

tener pastille and is highly popular and widely used in the textile industry [16].
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In previous studies of our lab, we observed that the medium matured canola
stem (7 - 10 mm) fibers were less stiff in terms of most of the physical and me-
chanical properties than immature or over mature stem fibers [17]. The current
and the previous studies [17] were examined on a single type of canola fiber col-
lected from a single cultivar (HYREAR 3), species (Brassica napus), time, and
location and it would be interesting to observe how Cepreton UN affects that
specific type of canola fiber. We assumed that Cepreton UN softener will im-
prove the texture of stem-specific canola fibers. Therefore, the hypothesis of our
study was “softener makes the stem-specific lingo-cellulosic canola bast fibers
relatively less stiff”. To test this hypothesis, we investigated the effects of Cepre-
ton UN on stem-specific canola fiber physical and mechanical properties.

2. Materials and Methods

Collection and retting of plant stem samples and extraction of fibers

After harvesting, Brassica napus (type: canola) (cultivar: HYREAR 3) plant
stem samples were cut by around 10 cm long and stored at approximately 25°C
+ 2°C and 33% + 2% relative humidity prior to retting and physical and me-
chanical characterization. In this study, six batches of samples were extracted
using same condition and each batch was categorized by three types of stems
based on 3 different diameter ranges and each range was separated by at least
0.10 mm. The diameters of the stems were measured by a Digital Slide Caliper.
The stem diameter ranges were categorized in 2 groups; extraction-1 (E1), ex-
traction-3 (E3), extraction-4 (E4), and extraction-6 (E6) were considered as
group-1, and extraction-2 (E2) and extraction-5 (E5) were designed as group-2
fibers (Table 1). Group-1 extractions have nearly similar diameter range and so
as group-2. The stems were then retted in a water bath for 48 + 2 hours at 40°C.
The fibers (outer layer) were extracted from the plant stems after retting and
then air dried in the lab for approximately 72 hours. The temperature and the
relative humidity (RH) of that lab were maintained nearly 25°C + 2°C and 33%
* 2%, respectively.

Treatment with chemical softener (Cepreton UN) of extracted fibers

Two sets of fibers after extraction (E2 and E4) were used for softener (Cepre-
ton UN, Achroma life enhanced) treatment. The exhaust method for Cepreton
UN treatment provided by the production company for cellulosic fiber was given
in Table 2 and E4 was treated following exhaust method. However, E2 was
treated using a modified exhaust method (Table 2) by modifying time and con-
centration of Cepreton UN.

Modification of time and concentration of Cepreton UN

Canola fibers are lignocellulosic fibers as it has low cellulose and high lignin
content compared to cotton [11] [13]. Therefore, exhaust method was slightly
modified (Table 2) to get the maximum softness of lignocellulosic bast fibers.
However, these parameters (Table 2) were not statistically optimized and hence,

not recommended as standards for large scale utilization for canola fiber.
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Table 1. Groups of stems based on different diameters.

Extractions Stems Diameter ranges (mm) Groups

E1l Narrow 2.8-4.5 1
Medium 48-78
Wide 8.0 - 10.0

E2 Narrow 2.5-6.0 2
Medium 7.0-9.0
Wide 9.5-125

E3 Narrow 2.8-4.5 1
Medium 48-78
Wide 8.0 - 10.0

E4 Narrow 2.8-4.5 1
Medium 48-78
Wide 8.0 - 10.0

E5 Narrow 2.5-6.0 2
Medium 7.0 -9.0
Wide 9.5-12.5

E6 Narrow 2.8-4.5 1
Medium 48-78
Wide 8.0 - 10.0

NB: E = Extraction.

Table 2. The parameters and conditions of exhaust method.

Parameters Exhaust method Modified exhaust method
pH 45-50 45-50
Concentration 0.3% - 2% 10%
Time 20 to 30 minutes 2 hours
Temperature 40°C 40°C
Drying Dry at room temperature Dry at room temperature

Treatment of fibers with Cepreton UN using both exhaust and modified
exhaust method

Initially, 2 grams of Cepreton UN were dissolved in 100 ml of water to make a
2% solution, and then 0.5 grams of extracted dried fibers (E4) were soaked and
incubated in a water bath for 30 minutes at 40°C (exhaust method, Table 2).
Furthermore, 10 grams of chemical was solubilized in 100 ml of water in a beak-
er to form a 10% solution, followed by 0.5 grams of dried fiber (E2) soaked in
water bath for 2 hours at 40°C (modified exhaust method, Table 2). The beaker
was covered with a lid to prevent contamination. The pH was measured by using

a pH meter and adjusted using acetic acid at 4.5. Various treatments were per-
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formed in the water bath located in the Department of Biosystems Engineering
at University of Manitoba at a 40 + 2 rpm speed. The fibers were incubated for
72 hours without any water washing under a 25°C + 2°C temperature and 33% +
2% relative humidity (RH). As a result of treatment, the fiber color remained
unchanged when we used exhaust method. However, when the modified exhaust
method was used, the fibers turned from light greenish to light brownish.

Separation of fibers

The air-dried fibers were individually separated from each other using a sharp
needle after soaking in distilled water for 10 minutes and again air dried in lab
(nearly 25°C £ 2°C temperature and 33% + 2% RH) for 72 hours. Then the se-
parated air-dried fibers were packed in a small, sealed plastic bag and stored at
the lab for further investigation. After treatment, 50 fibers were separated and
prepared to measure diameter and strength of each stem diameter of a single set.
Therefore, a total 150 fibers of each set were selected for fiber diameter mea-
surement and strength testing. Here, from 10% Cepreton UN treated E2, 150
samples were selected and another 150 samples from 2% Cepreton UN treated
E4 were also considered. To compare and test the hypothesis statistically, data
collected from control E2 (150 samples) and E4 (150 samples) were also taken
into consideration. For hydrophobicity testing (contact angle measurement), 30
individual isolated fibers were prepared to measure the contact angle of each
stem diameter of each set. Therefore, a total of 90 fibers of each set were used for
fiber hydrophobicity testing. Here, from 10% Cepreton UN treated E2, 90 sam-
ples and from 2% Cepreton UN treated E4, another 90 samples were prepared.
Control samples collected from E2 (90 samples) and E4 (90 samples) were also
taken to compare and test the hypothesis statistically. In the following Table 3,
fiber numbers of each set were presented.

Determination of fiber diameter

The Biquant Image Analyzer was used to measure the diameter of the break-
ing point of fibers. From each fiber, two (narrowest and widest) diameter read-
ings in pm were taken. The mean of these values indicates the final average di-
ameter of the sample. Since the smallest diameter was used for strength measure-
ment, it is likely that the narrowest part of fiber would break the most and its

strength is the general case for strength measurement. A diameter in millimeter

Table 3. Sample numbers to measure diameter, strength and contact angle.

2% Cepreton UN 10% Cepreton

Fibers for D Fibers Fibers for Fibers for

treated E4 UN treated E2
Stems reate and S for CA reate Dand S CA
(Group-1) (Group-2)
n n n n
mm mm
Narrow 2.75-4.6 50 30 2.54-598 50 30
Medium 4.75-7.75 50 30 7.05 - 8.60 50 30
Wide 7.85-10.0 50 30 9.45-12.81 50 30
Total 150 90 150 90

N.B: E = Extraction, n = number of sample, D = Diameter, S = Strength, CA = Contact Angle.
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(mm) was used for the contact angle measurement.

Determination of fiber strength

Using an Instron Strength Tester, the fiber breaking load was measured. The
machine was fitted with a 1 Kilo Newton (KN) load cell and fibers were eva-
luated at an upper crosshead speed of 2 mm/min following the principle of con-
stant rate of extension [18]. The 25.4 mm sample used to measure the fiber
strength was considered as the test standard.

Determination of fiber contact angle (CA)

The Attention Sigma 700 force Tensiometer measures the dynamic contact
angle of a fiber sample by advancing (advancing) and withdrawing (receding) it
through a liquid [19]. In this study, the fibers' average diameters were taken
from their narrowest and widest parts, and water was used as a liquid to dip the
fibers.

Estimation of fiber moisture regain (MR) %

By incubating the extracted fibers at different relative humidity (RH) % con-
trolled by desiccators [20], the moisture uptake of the fibers could be measured.
The fiber specimens were first conditioned in an oven at (100 + 3)°C for 4
hours, weighed, and then again conditioned at (100 + 3)°C for 2 hours and
measured weight of the fibers. Another 1 hour was spent repeating the same
procedure. Once the equilibrium weight was found for two consecutive mea-
surements, the fibers were incubated in a desiccator conditioned at 11.3% rela-
tive humidity (RH) for 24 hours. The samples were then taken out of the desic-
cator, measured MR (%) using the following formula, and then put back in the
desiccator for another 24 hours. Once the equilibrium weight was determined in
two consecutive measurements, the fibers were again put in the oven for 4 hours
at (100 = 3)°C to condition the fibers. The same procedure was repeated anoth-
er 6 times, counting total 7 RH (%) conditions, to measure the moisture regain
of fibers. Table 4 presents the conditions used in the MR (%) experiment.

MR (%) of the extracted fibers were calculated using the following equation:

_ Weight of moisture in the fiber specimen “

Moisture regain (MR) % 100

Weight of oven dried fiber specimen

Effect of pH on fiber moisture regain (MR) %

All the fibers were treated with Cepreton UN at low pH (4.5). So, it was
important to know the effect of individual low pH on fibers. To test this effect,
confirmation test was conducted by estimating the MR (%). In this experiment,

only one type of fibers (wide stem fibers of extraction-4) and company provided

Table 4. Parameter used to estimate moisture regain (MR) %

Moisture regain weight Oven dry weight
RH (%) at different RH (%) at (100 + 3)°C

24 hours 24 hours 4hours 2 hours 1 hour

11.3%, 23.5%, 55%, 75.5%, 84.3%, 93.6%, 100% g g g g g

N.B: % = Percentage, g = gram, RH = Relative Humidity.
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exhaust method was used. Here, two variables were used, such as pH 4.5 and 7.0.
Here, the pH (7.0) is general water pH or neutral pH. This experiment was con-
ducted with two replicates. Table 5 is showing the constant and variable condi-
tions of the confirmation test.

Statistical analysis

The data were analyzed using the software Microsoft Excel, R 3.5.3, and RStu-
dio for Windows 10 (32/64 bits). To observe the effect of fiber diameter on the
fiber properties, the following linear mixed models in RStudio were used where
the random effect was stem diameter and fixed effects were narrowest and aver-
age diameter (Table 6) [21]. The models were developed using the simple for-
mulas of different parameters. The average length, tenacity, and aspect ratio
were analyzed against the narrowest diameter and the contact angle was ana-
lyzed against average diameter of fibers. ANOVA was analyzed using one tail

t-test performed by Satterthwaite’s method.

3. Results and Discussions

Effect of Cepreton UN treatment on canola fiber properties (p-values)

Insignificant (p > 0.05) differences between different fiber diameters for aver-
age length were found in all treated fibers by ANOVA analysis. Significant (p <
0.05) differences for elongation at break, load at break, tensile stress, young’s

modulus, and aspect ratio were observed. This information showed that fiber

Table 5. Constant and variable conditions of the confirmation test.

Constant conditions
Concentration (Cepreton UN) Time Temperature Fibers (Stem diameter)
2% 30 minutes 40°C E4 (Wide)
Variable conditions
1) Fiber incubation in pH = 7.0
2) Fiber incubation in pH = 4.5
3) Fiber incubation with 2% Cepreton UN UN in pH = 7.0

4) Fiber incubation with 2% Cepreton UN UN in pH = 4.5

NB: E = Extraction.

Table 6. Models used in this study to test the hypothesis.

Formulas Models

avelength/tenacity/aspectratio/contact angle ~
narrowest diameter/avediameter

Tensile stress = Force/Area tensile stress ~ load at break x invarea

Tensile stress = Force/Area load at break ~ tensile stress x invarea
Young’s modulus = Stress/Strain young’s modulus ~ tensile stress x invtensilestrain
Young’s modulus = Stress/Strain elongation at break ~ tensile stress/young’s modulus

N.B: invarea = inverse area, invtensilestrain = inverse tensile strain.
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diameter had strong effects on elongation at break, load at break, tensile stress,
young’s modulus, and aspect ratio of treated fibers similar to control samples.
However, the influence of fiber diameter on tenacity turned from moderate to
strong for treated fibers and the influence was strong for contact angle of 10%
Cepreton UN treated fibers (E2) only because significant (p < 0.05) differences
were observed for tenacity in all treated fibers and for contact angle in 10% Ce-
preton UN treated E2 fibers only (Table 7).

Effect of Cepreton UN treatment on canola fiber variables (corrgram
values)

The corrgram values of Table 8 showed that the fiber diameter was not re-
lated to average length, elongation at break, and contact angle. For control and
treated E2, load at break and tenacity were positively and moderately correlated
to the fiber diameter. For both control and treated samples of E4, the correlation
of fiber diameter with load at break and tenacity was not found. On the other

hand, tensile stress, young’s modulus, and aspect ratio were negatively and

Table 7. Observation of the effects of fiber diameter on the physical and mechanical properties of the fibers (p-values).

Narrowest diameter Average diameter

Properties
E2 T.E-2 E4 T.E-4 E2 T.E-2 E4 T.E-4
Average length (cm) 0.4165 0.3048 0.2751 0.5817 - - - -
Elongation at break (%) 4.24e—07*%* 7.84e—07%%* 0.004891** 7.898e—07*** - - - -
Load at break (N) 0.008426*** <2e—-16%** 0.005887** 7.581e—07*** - - - -
Tenacity (gf/Tex) 0.01517* 0.00015*** 0.5734 1.132e-05*** - - - -
Tensile stress (MPa) <2e—16%** <2e—-16%** <2e—-16%** <2e—-16%** - - - -
Young’s modulus (GPa) 7.262e—14%*  2.621e—11*"*  7.262e—14**  2.284e—11%%* - - - -
Aspect ratio (L/D) <2.2e-16*  <2.2e-16"**  5.32e—11""*  4.755e—11*** - - - -
Contact angle (°) - - - - 0.6485 0.003818**  0.6861 0.9309
N.B: Significant codes: 0 ****0.001 *** 0.01 ** 0.05 .’ 0.1 *” 1, “-“ = Blank spot, E = Extraction, T.E = Treated Extraction.
Table 8. Finding the relationship between the variables of control and treated E2 and E4 using corrgram.
E2 Treated E2 E4 Treated E4

Properties

Corrgram values Corrgram values Corrgram values Corrgram values

Average length (cm)
Elongation at break (%)
Contact angle (*)

Fiber
diameter

Tensile stress (MPa)
Young’s modulus (GPa)
Aspect ratio (L/D)
Load at break (N)

Tenacity (gf/Tex)

0.07 —-0.08 0.09 0.04
0.07 -0.12 -0.17 -0.03
0.03 -0.29 -0.03 -0.01
-0.57 -0.37 -0.38 -0.24
—-0.66 —-0.50 —-0.48 -0.43
-0.75 —-0.68 —-0.50 -0.50
0.34 0.24 0.01 0.02
0.22 0.29 0.02 0.03

N.B: E = Extraction.
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moderately correlated to fiber diameter in all treated fibers. The results of the corr-
gram values were nearly consistent with the p-values of the present study (Table 8).

Effect of Cepreton UN treatment on canola fiber properties (mean values)

E4 and E2 fibers were treated with Cepreton UN using exhaust method (2%)
and modified exhaust method (10%), respectively. The highest mean value of
narrowest diameter of medium stem fibers of control E2 (59.91 um) and wide
stem fibers of control E4 (53.58 um) and also the highest average diameter of
medium stem fibers of control E2 (0.10 mm) and wide stem fibers of control E4
(0.10 mm) was observed. However, the mean values of narrowest diameter were
decreased in both medium stem fibers of treated E2 (49.98 um) and wide stem
fibers of treated E4 (42.25 pm). The average diameter of medium stem fiber of
T.E2 (0.10 mm) remained unchanged whereas the average diameter of wide stem
fiber of T.E4 (0.11 mm) was increased (Table 9). It is also important to mention
that the narrowest diameter of treated fibers was decreased in all cases except
narrow treated E4 fibers whereas the average diameter was increased in all
treated fibers except medium treated E2 fibers. The variations might be due to
the effect of variations in the concentration of Cepreton UN (2% and 10%) and
incubation time (30 minutes and 2 hours).

Interestingly, comparing to control fibers, the mean values of elongation at
break, load at break, tenacity, and contact angle were increased for wide stem fi-
bers of 2% Cepreton UN treated E4, however, decreased for other stem fibers
except contact angle (Table 10 and Table 11) and the mean values were de-
creased for medium stem fibers of 10% Cepreton UN treated E2, however, in-
creased for other stem fibers except elongation at break for narrow stem fibers

where no change was observed (Table 12 and Table 13). Enhanced elongation at

Table 9. The mean values of narrowest and average diameters of fibers.

Narrowest diameter (pm)
(used for tensile strength measurement)

Average diameter (mm)
(used for contact angle measurement)

Stems
E4 T.E4 E2 T.E2 E4 T.E4 E2 T.E2
Narrow 49.28 + 1.46 43.82+1.12 37.82+0.14 4858+0.71 0.09+0.03 0.11 £ 0.02 0.09 + 0.03 0.10 + 0.03
Medium 5991 +1.54  40.83 £0.19 42.64+137 4998 +092 0.09 +0.03 0.11 £ 0.03 0.10 £ 0.03 0.10 + 0.03
Wide 45.18 £1.03 42.25+0.41 53,58 +1.61 48.58+0.71 0.10*0.02 0.11 £ 0.12 0.08 + 0.02 0.09 + 0.02

N.B: Mean + standard deviation, E = Extraction, T.E = Treated Extraction, pm = Micrometer.

Table 10. Observation of the effects of stem diameter on the mechanical properties of the E4 & T.E4 fibers (mean-values).

Average length (cm) Elongation at break (%) Load at break (N) Tenacity (gf/tex)
Stems E4 T.E4 E4 T.E4 E4 T.E4 E4 T.E4
Narrow 5.75 £ 1.60 5.26 + 1.03 1.82 £ 0.07 1.30 £ 0.04 0.56 + 0.06 0.32 £ 0.03 0.56 + 0.06 0.34 £ 0.03
Medium 5.80 + 1.60 5.72 + 1.68 1.72 £ 0.08 1.49 £ 0.07 0.56 + 0.06 0.55 £ 0.06 0.56 + 0.06 0.55 £ 0.06
Wide 5.93 +2.01 5.38 £ 1.69 2.16 + 0.08 2.37 £0.12 0.79 £ 0.02 0.96 £ 0.10 0.79 £ 0.02 0.98 £0.10

N.B: Mean + standard deviation, E = Extraction, T.E = Treated Extraction.
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Table 11. Observation of the effects of stem diameter on the mechanical properties of the E4 & T.E4 fibers (mean-values)

Tensile stress (MPa) Young’s modulus (GPa) Aspect ratio (L/D) Contact angle (°)
Stems

E4 T.E4 E4 T.E4 E4 T.E4 E4 T.E4

Narrow 502.664 + 56.85 249.01 +30.03 54.76 £3.72 39.94 +3.13 14,979.31 +118.56 12,405.5 +345.59 112.1 +6.43 126.25+17.53
Medium 446.90 + 77.62 385.34 £33.99 55.50 £5.20 54.61 +2.89 14,056.47 + 114.54 13,841.52 +274.23 122.45+12.38 127.53 +15.24

Wide 237.16 £50.13 217.86 £16.16 40.45+3.65 34.57 £1.82 13119.41 £451.99 12,613.54 +345.22 128.72 +£16.43 130.39 + 16.72

N.B: Mean =+ standard deviation, E = Extraction, T.E = Treated Extraction.

Table 12. Observation of the effects of stem diameter on the physical and mechanical properties of the E2 & T.E2 fibers
(mean-values).

Average length (cm) Elongation at break (%) Load at break (N) Tenacity (gf/tex)
Stems E2 T.E2 E2 T.E2 E2 T.E2 E2 T.E2
Narrow 5.08 £ 0.96 5.92 +1.40 1.56 £ 0.12 1.56 £ 0.11 0.38 £ 0.02 0.44 + 0.05 0.40 = 0.02 0.44 £ 0.05
Medium 5.02 +1.17 5.84 + 1.46 1.80 £ 0.11 1.64 £ 0.14 0.49 £ 0.05 0.45 £ 0.05 0.50 £ 0.06 0.46 £ 0.05
Wide 4.78 £1.12 5.66 + 1.36 1.64 £ 0.10 1.74 £ 0.05 0.40 + 0.04 0.61 £ 0.03 0.40 + 0.04 0.62 + 0.03

N.B: Mean =+ standard deviation, E = Extraction, T.E = Treated Extraction.

Table 13. Observation of the effects of stem diameter on the physical and mechanical properties of the E2 & T.E2 fibers
(mean-values).

Tensile stress (MPa) Young’s modulus (GPa) Aspect ratio (L/D) Contact angle (°)

Stems
E2 T.E2 E2 T.E2 E2 T.E2 E2 T.E2

Narrow 228.31 +28.41 238.39+23.81 26.73+2.40 27.88+1.77 10,840.97 +£412.09 11,874.46 +391.25 113.28 791  128.86 + 16.43
Medium 192.38 +22.28 226.80 +£26.01 20.25+3.13 24.50 £3.06 8606.27 £256.32 12,095.6 +389.27 127.78 +14.33 119.07 + 14.85

Wide 196 +30.47  340.77 +£20.61 2256 +£2.76 27.35+1.44 9289.10+382.59 12,210.25+423.95 118.35+12.85 121.58 +£11.76

N.B: Mean + standard deviation, E = Extraction, T.E = Treated Extraction.

break increases the fiber relative flexibility [22]. In a fabric, with the enhanced
breaking load, the tightness of the yarns reduced and the flexibility of the yarn
increased [23]. The high tenacity yarn is used in fabric industries [24] [25]. Fiber
with poor absorbency and wettability and high hydrophobicity help to maintain its
long lasting quality at different atmospheric conditions [19] [26]. Therefore, 2%
Cepreton UN treated E4 wide stem fibers were less stiff and 10% Cepreton UN
treated E2 medium stem fibers were stiffer than their respective control fibers.

On the contrary, the mean values of tensile stress, young’s modulus, and as-
pect ratio were found to be decreased for fibers of 2% Cepreton UN treated E4
(Table 11) and increased fibers of 10% Cepreton UN treated E2 (Table 13). In
general, the higher fiber aspect ratio makes the fibers relatively less flexible and
stiffer increasing the tensile stress and young’s modulus [27]. Moreover, flexible
material can change its shape due to its low young’s modulus [28] [29]. There-
fore, 2% Cepreton UN treated E4 fibers were less stiff and 10% Cepreton UN
treated E2 fibers were stiffer than the control fibers. Variations were found in

elongation at break, load at break, tenacity, and contact angle for narrow and
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medium stem fibers of 2% Cepreton UN treated E4 fibers and narrow and wide
stem fibers of 10% Cepreton UN treated E2 fibers. Moreover, with gradual de-
crease in fiber diameter, the tensile stress and young’s modulus of natural fibers
increases [30]. However, in this study, the narrowest diameter of treated fibers
was mostly decreased with decreased tensile stress and young’s modulus. These
unusual properties might be due to the effect of Cepreton UN treatment on the
fiber intrinsic properties. Hence, our null hypothesis was accepted for the wide
stem 2% Cepreton UN treated E4 fibers and rejected for the medium stem 10%
Cepreton UN treated E2 fibers. For average length, the mean values were de-
creased when the fibers were treated with 2% Cepreton UN (Table 10) and in-
creased when the treatment was 10% Cepreton UN (Table 12) from their re-
spective control fibers. The differences between control and treated fibers and
also 2% and 10% treated fibers were found statistically significant (p < 0.05)
when a linear model was used.

Moreover, all those properties of treated canola fibers comparing with the
values of cotton and jute shows that the mean values of 2% Cepreton UN treated
wide stem fibers of E4 were close to cotton and jute and the mean values of 10%
Cepreton UN treated medium stem fibers of E2 were far from cotton and jute
(Table 14) and hence, the physical and mechanical properties of 2% Cepreton
UN treated wide stem fibers of E4 were relatively more close to cotton and jute
than the control E4. On the contrary, the physical and mechanical properties of
10% Cepreton UN treated medium stem fibers of E2 were far from cotton and jute
than the control E2. Hence, exhaust method acts similarly on lignocellulosic cano-
la bast fibers and cellulosic seed fibers.

In this study, 2% Cepreton UN was used as company provided exhaust me-
thod whereas 10% Cepreton UN was used as modified exhaust method. Consi-
dering all the above properties, it was revealed that 2% Cepreton UN or exhaust
method was useful to make the fiber flexible for textile applications where more
flexible fibers are used [40]. On the other hand, 10% Cepreton UN or modified
exhaust method was useful for composite productions where less flexible fibers
are used [41]. Xie et al revealed that the fiber-matrix interfacial interactions
can be induced through formation of strong chemical bonding by silane coupl-
ing agents and therefore, results in considerable improvement in the mechanical
performance of composites [7]. In this study, 10% Cepreton UN with low pH
functioned in the similar way like silane coupling agents. The variations between

the two methods were the concentrations of Cepreton UN and the incubation

Table 14. Physical and mechanical properties of cotton. Cotton: [31] [32] [33] [34] and Jute: [3] [31] [35] [36] [37] [38] [39].

. Moiture Elongation = Load at . Tensile Young’s  Aspect
. Diameter  Length . Contact angle Tenacity .
Fibers (um) (cm) Regain ©) at break break (gfitex) stress modulus  ratio
¢ (%) (%) ) & (MPa)  (GPa)  (L/D)
~0 (control)
Cotton 14 - 21 1.5-5.6 8.5 3-12 1.63-1.97 1.7-6.3 287 - 597 4.8 1400
156.3 (treated)
Jute 12 -18 100 - 400 10 - 12 36 -42 1.69 - 1.83 31.63 26.5-51.2 300 - 700 20 -50 150
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time. Modified exhaust method was not statistically optimized, hence, this method
cannot be recommended as standards for large scale utilization for canola fiber.
Effect of Cepreton UN treatment on canola fiber moisture regain (MR) %
An upward trend of MR (%) was observed for 11.3%, 23.5%, 55%, 75.5%,
84.3%, 93.6% RH. A sudden decrease in MR (%) was found at 100% RH for con-
trol samples. However, for both 2% and 10% treated samples, at 100% RH, an
increasing trend in MR (%) was observed (Table 15 and Table 16). At saturated
condition, fiber moisture regain capacity might be increased due to fiber surface
modification with Cepreton UN. The pattern was similar for all wide, medium,
and narrow stem fibers of control and treated E2 and E4 which revealed that
stem diameter did not have any effect on MR (%) of treated fibers. Here, our
null hypothesis was again rejected. The MR (%) of canola fibers changes with the
change of RH (%) which is also true for other natural fibers [42] [43] even after

Table 15. MR (%) of fibers in different RH (%) for E4 and treated E4.

Moisture regain (%)

RH Control 2% Treatment Control 2% Treatment Control 2% Treatment
(%)
E4 E4 E4 Mean E4 E4 E4 Mean E4 B4 (N1) E4 (N2) Mean
w) (w1)  (w2) w) ™M) (M) (M2) (M) (N) (N)
11.3 4.585 2.344 1.575 1.96 +0.54 | 5.614 3.788 4375 4.08+042 | 3.729 6.250 5.442 5.85+0.57 1
235 6.304 5.426 6.400 5.91+0.69 | 8.156 8.397 6.918 7.66+1.05 | 6.734 8.537 7.383 7.96 +0.82 1
55 10.753 9.302 8.274 879+0.73 | 14.134 15.385 13.497 1226+2.13 | 13.043 10.778 9.211 9.10 £ 1.11 |
75.5 16.060 15200 14.844 15.02+025 | 20557 14.815 12422 14.44+133 | 19.064 18.519 16232 17.38+1.62 |
84.3 17.345 14.844 13.846 14.35+0.71 | 21.555 20.611 19.620 20.12+0.70 | 20.805 19.876 18.667 19.27 +0.85 |
93.6 25.212 18.462 19.841 19.15+0.98 | 38372 22.556 21.519 22.04+0.73 | 28472 21212 20.667 20.94+0.39 |
100 19.958 22.094 24.603 23.45+1.77 t 25088 26.515 29.560 28.04+2.15 t 24579 23.810 25828 24.82+143 t

N.B: Mean =+ standard deviation, E = Extraction, W = Wide, M = Medium, N = Narrow, MR = Moisture regain, RH = Relative Humidity.

Table 16. MR (%) of fibers in different RH (%) for E2 and treated E2.

Moisture regain (%)

RH (%) Control 10% Treatment Control 10% Treatment Control 10% Treatment
(f“;) E2 (W1) E2 (W2) 1\:1:;);1 (i[z) E2 (M1) E2 (M2) Bf;f)n (];:j) E2 (N1) E2 (N2) N(I;a)n

11.3 4.607 5.263 5.650 5.46+0.27 1 2.116 4.739 4.636 4.69+0.07 1?1 4.088 4.908 3483 4.20+1.01 !t
23.5 5.482 6.034 6.180 6.11+0.10 t 6.720 7.109 9.211 8.16+1.49 5.938 7.407 6.533 6.97+0.62 1
55 10.816  9.787 12222 1101172 t 12.807 11.321 9.554 1044 +125 | 11.111 9.697 9.950 9.82+0.18 |
75.5 16.920 15.652 16292 1597 +0.45 | 18.182 15421 13.548 1448 +1.32 | 18769 15.854 15.000 15.43+0.60 |
84.3 19.265 18.777 18.857 18.82+0.06 | 19.891 21.226 19.231 20.23+1.41 t 24149 21.875 22.000 21.94+0.09 |
93.6 29.490 21.983 20.109 21.05+1.33 | 33.607 29.858 24.837 27.35+3.55 | 33453 24.691 26.000 25.45+0.93 |
100 26426 27.632 26923 27.28+050 t 30.081 34.762 28387 31.58+4.51 1t 31.826 27.273 28.500 27.89+0.87 |

N.B: Mean + standard deviation, E = Extraction, W = Wide, M = Medium, N = Narrow, MR = Moisture regain, RH = Relative Humidity.
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2% and 10% Cepreton UN treatment. Here, the treated mean value was com-
pared with the actual control value.

When the fibers (E4) were treated with 2% Cepreton UN, the mean values of
MR (%) in almost all RH (%) were found mostly decreased than the control fi-
bers (E4). But when the fibers (E2) were treated with 10% Cepreton UN, the
mean values of MR (%) in most of the RH (%) were found increased or the vari-
ation was less than the control fibers (E2) (Table 15 and Table 16). This result is
consistent with our previously observed results for E4 (Table 10 and Table 11)
and E2 (Table 12 and Table 13). When a linear model was used, the MR (%)
differences between control and treated fibers and also 2% and 10% treated fi-
bers were found statistically significant (p < 0.05). This result suggests that high
concentration 10% Cepreton UN treatment for a long time (2 hours) made the
fibers regain more moisture (%). On the other hand, 2% Cepreton UN made the
fibers regain less moisture (%). The cotton and jute MR (%) are also very low,
only 8.5% and 10% - 12%, respectively which showed that quality of the fibers
was relatively near to cotton and jute when it was treated with 2% Cepreton UN.
Moreover, if the fibers gain and lose less moisture at different RH (%), the rela-
tive performance of fibers would remain intact for a long time [44]. Hence, using
high concentration of softener for a long time did not make the fibers regain less
moisture (%). All in all, the fibers with exhaust method treatment gained less
moisture content than the modified exhaust method treatment. Therefore, 2%
Cepreton UN or exhaust method was more useful to make the fiber maintain its
original quality for a long time than 10% Cepreton UN or modified exhaust me-
thod. Water-repelling agents can reduce moisture absorption and subsequent
swelling of natural fibers [7] where both methods functioned like water-repelling
agents.

Effect of pH on fiber moisture regain (MR) %

To ensure the effect of Cepreton UN in the external properties of fibers, it was
necessary to confirm the non-involvement of the other external factors, such as
pH, where we did a confirmation test using two pH (4.5 and 7.0) following ex-
haust method. At pH 4.5, an increasing trend was observed in MR (%) for con-
trol fibers in 11.3%, 23.5%, 55%, 75.5%, 84.3%, 93.6% and 100% RH conditions
(Figure 1). An increasing trend was also observed in MR (%) for 2% Cepreton
UN treated fibers at neutral pH in 11.3%, 23.5%, 55%, 75.5%, 84.3%, 93.6% and
100% RH conditions (Figure 2). This observed pattern was almost as similar as
2% Cepreton treatment at low pH (4.5) (exhaust method). At neutral pH 7.0, the
increasing trend of MR (%) was observed for 11.3%, 23.5%, 75.5%, 84.3%, and
93.6% RH. On the other hand, a sudden drop in MR (%) was found at 100% RH
for control samples at neutral pH (Figure 2).

The MR (%) was decreased in almost all conditions except control fibers at
neutral pH 7.0. This result showed that individually pH 4.5 and individually 2%
Cepreton UN and combination of both (2% Cepreton UN and pH 4.5) had effect
on MR (%) of canola fibers. It also found that the individual effect of pH 4.5
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Control & 2% Cepreton UN treated E4
wide stem fibers at pH 4.5

60
RH(%)

Control 1 - -Control 2 Treated 1 Treated 2

Figure 1. Effect of pH 4.5 of control and treated fibers on moisture regain (%). The MR
(%) increased in all cases (control and 2% Cepreton UN treated fibers at pH 4.5) at 100%
RH condition.

Control & 2% Cepreton UN treated E4
wide stem fibers at pH 7.0

40 60 80 100

RH(%)
Control 1 Control 2 Treated 1 Treated 2

Figure 2. Effect of pH 7.0 of control and treated fibers on moisture regain (%). The MR
(%) increased in 2% Cepreton UN treated and decreased in control fibers at pH 7.0 at
100% RH condition.

or 2% Cepreton UN at neutral pH (7.0) is nearly as similar on MR (%) as the
combination (pH 4.5 and 2% Cepreton UN). When a linear model was used, the
MR (%) differences between treated at pH 4.5 and control at pH 4.5, control at
pH at 7.0 and treated at pH 7.0 fibers were found statistically significant (p <
0.05). Therefore, only decreasing the pH of water at 4.5 would make the fibers
better to touch. On the contrary, Li et al revealed that alkali can improve the

mechanical properties of natural fibers significantly by removing some weak
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components like hemicelluloses and lignin from the fiber structure and also by
modifying their crystalline structure [45] which is consistent with our current
findings. Besides commercial fabric softeners, emulsion stabilizers, acids or bases
to maintain an optimal pH for absorption, fragrance enhancers, and coloring
agents are also considered as softeners [14]. Therefore, all in all, the fibers with
low pH (4.5) or 2% Cepreton UN treatment at neutral pH (7.0) would gain less
moisture content maintaining their originality for extended period at different

atmospheric conditions just as the combination (2% Cepreton UN and pH 4.5).

4. Conclusions

Both 2% (exhaust method) and 10% Cepreton UN (modified exhaust method)
treated fiber diameter had effects on the mechanical and physical properties,
such as elongation and load at break, tenacity, contact angle, tensile stress,
young’s modulus, and aspect ratio. On the other hand, fiber diameter had no ef-
fect on some physical properties, such as average length for both 2% and 10%
Cepreton UN treated fibers. Fiber diameter was positively correlated to tenacity
and load at break whereas fiber diameter was negatively correlated to tensile
stress, young’s modulus and aspect ratio. The mean values of elongation at break
(%), load at break, tenacity, and contact angle (hydrophobicity) were found to be
relatively higher for 2% Cepreton UN treated wide stem fibers and the mean
values of tensile stress, young’s modulus, and aspect ratio were found to be rela-
tively lower for 2% Cepreton UN treated wide stem fibers than the wide stem
control fibers. Those values were found to be closed to that of cotton and jute
showing relatively close properties of cotton and jute. All together those proper-
ties made 2% Cepreton UN treated fibers relatively less stiff than control fibers.
On the other hand, the opposite effects were observed in 10% Cepreton UN
treated medium stem fibers. The properties were found to be far from that of
cotton and jute showing properties that were relatively far from cotton and jute.
All together those properties made 10% Cepreton UN treated medium stem fi-
bers relatively stiffer than control medium stem fibers. Therefor 2% Cepreton
UN treatment (exhaust method) was better than 10% Cepreton UN treatment
(modified exhaust method) in increasing the lignocellulosic canola bast fiber
relative flexibility and holding fiber originality for a long time. So, increasing the
concentration of softener and treatment time would not make the fiber softer
and better to touch.

An upward trend of MR (%) was observed at different RH (%) except at 100%
RH of control fibers. However, in both exhaust method and modified exhaust
method treated fibers, the MR (%) was found to increase at 100% RH. When the
fibers were treated with the exhaust method, the mean values of MR (%) at dif-
ferent RH (%) were found mostly decreased than the control fibers which
showed that those fibers could gain less moisture than their respective control
fibers. On the contrary, when the fibers were treated with modified exhaust me-
thod, the mean values of MR (%) at different RH (%) were found to be mostly
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increased or the variation was less than the control fibers which showed that
those fibers could gain more moisture than their respective control fibers. There-
fore, exhaust method was more useful to make fiber to maintain its original quali-
ty for long at different RH (%) than the modified exhaust method.

Individually low pH (4.5) and 2% Cepreton treatment at neutral pH (7.0) had
nearly similar effect as 2% Cepreton at low pH (4.5) on MR (%) of canola fibers.
Hence, to make fibers better to touch and retaining fiber original quality, low pH
treatment would be a great alternative of any commercial softener. As 2% Ce-
preton UN at neutral pH (7.0) also had almost similar effect as low pH (4.5) on
MR (%), therefore, using 2% Cepreton UN at neutral pH (7.0) alone was also
enough to make canola fibers better to touch and maintaining fiber original
quality for long at different atmospheres. The difference between the exhaust
method and the modified exhaust method was the concentration of Cepreton
UN (2% and 10%) and the treatment time (30 minutes and 2 hours). It would be
interesting to investigate the physical and mechanical properties of fibers in 10%
Cepreton UN for 30 minutes treatment as well. The other treatments could be
using low pH (4.5) or 2% Cepreton UN at neutral pH (7.0).
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