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Abstract

The project consists in the implementation of a biocomposite based on tan-
nin resin and natural rubber matrices with the bast fibres of Triumfetta cor-
difolia A.Rich. “Okong” from the equatorial region of Cameroon as rein-
forcement. A study of this still little known fibre is necessary. This paper eva-
luates the physico-chemical and mechanical characteristics of the fibers. The
fibers are extracted by us. A series of experiments is conducted for this pur-
pose: morphological observation with a scanning electron microscope (SEM);
density evaluation with a helium pycnometer; absorption rate evaluation ac-
cording to the protocol available in the literature, Fourier Transform Infrared
Spectrometry (FT-IR), chemical composition evaluation according to ASTM
1972 and ASTM 1977 standards, thermogravimetric analysis (TGA) and ten-
sile tests on fiber bundles according to NF T25-501-3. The results show that
the fiber is made up of several elementary fibers with oval cross-sections. A
density of 1.477 g/cm® close to that of hemp. These fibers have a water ab-
sorption rate of 342.5%, which correlates with the presence of free hydroxyl
functional groups obtained from the spectrometry study (FT-IR). Chemical
analysis reveals that the fiber is made up of celluloses (44.4%), hemicelluloses
(30.8%), lignins (18.9%), pectins (3.3%), waxes (0.5%) and minerals (2.1%).
In addition, we learn that the fibers studied dehydrate at 11.49%, showing a
notable thermal stability around 235°C with a peak thermal decomposition of
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cellulose located at 420°C. In terms of mechanical behaviour, the results re-
veal that the fibers offer a Young’s modulus in traction of 12.4 £ 6.9 GPa, a
tensile strength of 526 + 128 MPa and an elongation at break of 2.25%. The
information thus obtained makes it possible to place these fibers in the same
fiber group as flax and jute. They could therefore be used for the same types
of applications. They also inform us that these fibers can withstand the tem-
peratures of composite shaping by thermocompression.

Keywords

Triumfetta cordifolia Fibers, Morphology, Chemical Analysis, Thermal
Degradation, Mechanical Behavior

1. Introduction

The selective choice of a reinforcing fiber is of the utmost importance and re-
quires knowledge of all the physico-chemical, mechanical and thermal proper-
ties in order to produce good quality composite materials. To this end, natural
fibers are governed by a set of parameters, including: chemical composition,
crystallinity index (CrI) of the cellulose, microfibrillar angle (MFA), good
length/diameter (L/D) ratio of the fiber, good tensile strength, good elongation
capacity and low sensitivity to temperature and humidity variations [1].

In order to develop natural composites based on plant resins, reinforced with
bast fibers of Triumfetta cordifolia A.Rich. (TC) harvested in Cameroon, know-
ledge of these parameters is essential for the overall performance of the compo-
site.

To date, Senwitz et al. [2], have carried out a characterisation study of TC fi-
bers and the results reveal that the property values obtained from TC fibers har-
vested in the northern zone of Angola are comparable to those of commercial
jute, flax, hemp and kenaf fibers. They also reveal the potential required as a
reinforcement for composites. Indeed, these results show an average Young’s
modulus of (12.5 - 53.4 GPa), tensile strength of TC fibers (209.1 - 916.3 MPa)
and (1.56% - 1.56%) deformation at break. They also have a density of (1.16 -
1.41 g/cm’), a microfibril angle of (7° + 5°), and finally a chemical composition
consisting of Holocellulose (72.26% - 87.90%), lignin (9.90% - 13.67%), and ex-
tract content (0.70% - 3.10%).

In view of these encouraging properties, develop biocomposites based on
plant resins with TC bast fiber reinforcements. In the hypothesis of the use of
this fiber, in the reinforcement of plant matrices such as tannin extracted from
Aningré or Abam (Aningeria superba) and natural rubber latex (NR) derived
from Brazilian rubber grown in Cameroon, shaping requires knowledge of the
degradation temperatures of the fibers [3] [4]. It is therefore imperative that the
degradation profile and in particular the thermal stability of the fibers be known

before their use in composite applications [5]. For the moment, this information
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is available for our fiber. It is known that, the composites with vegetable fiber
reinforcements are shaped in the temperature range between 200°C and 250°C
[6] [7] [8]. Also, most of the specimens with vegetable fiber reinforced vulca-
nized natural rubber and tannin matrices are usually processed by thermocom-
pression [9]. It is therefore imperative to complete the knowledge of the fiber.

After all, the characteristics of plant fibers vary from one geographical area to
another, so it is advisable to repeat the determination of the characteristics of the
fiber already available in the literature.

In this article, we present the fiber extraction procedure. Microscopic exami-
nation was performed using a Hitachi 3000 scanning electron microscope
(SEM). The pycnometer was used to evaluate the density of the fibers. Chemical
analysis was performed to determine the content of cellulose, hemicellulose in
lignin, pectins in waxes and minerals. Moisture content was calculated. By
means of infrared spectroscopy (FT-IR) the structural functional groups were
identified. The thermal behaviour of the fiber was evaluated by thermogravime-
tric analysis (TGA). Finally, the tensile properties of fiber bundles were meas-
ured using a FAVIMAT+ machine.

2. Materials and Methods

2.1. Extraction of Triumfetta cordifolia Fibers

The raw material Figure 1(a) and Figure 1(b) is collected in Yaoundé in the
central region of Cameroon, in mid-December, when the ambient temperature is
around 30°C. The raw material is collected in the center of the country. For ex-
traction of TC bark (Figure 1(c) and Figure 1(d), the fiber is soaked in stagnant
water [10] for six (06) weeks (Figure 1(e)). They are then hand washed (Figure
1(f) and Figure 1(g)) to remove mucilage, rinsed with water and dried in the

shade. These operations are carried out at a temperature between 27°C and

30°C. After this extraction process, the extracted fibers are shown in the figure
(see Figure 1(h)).

®

Figure 1. Some pictures of the TC fiber extraction process: (a) TC plant, (b) TC stems harvested,
(c) TC bark, (d) Soaked TC bark, (e) TC bark after 6 weeks, (f) Washing of TC bark, (g) Rinsing of
TC, (h) TC fibers extracted.
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2.2. Scanning Electron Microscopy Analysis

The microscopic examination and the calculation of the effective cross-section
are performed using Hitachi 3000 Scanning Electron Microscopy (SEM). In
agreement A batch of staple fibers was mechanically opened on the Laroche
opener at 1200 rpm. A type of process used in pre-treatment for compo-
site/non-woven reinforcement type applications. The fibers are separated ma-
nually, aligned to have a homogeneous parallelization of the fibers and then in-
troduced into the sample holder of the scanning electron microscope after me-
tallization. All images were taken at an accelerating voltage of 15 kV. Image Pro

Premier” software is then used to determine the fiber dimensions.

2.3. Density Measurements

The fibers were previously dried in the oven at 60°C for 24 hours and cooled in a
desiccator at room temperature. The density of each sample is determined by
measuring the dry fiber weight determined with a 0.0001 g precision balance and
then introduced into the container of the Quantchrome Helium Pycnometer
MVP-6DC Pycnometer Instruments. The operating principle of the helium
pycnometer is based on the gas law [11], defined by Equation (1). The volume of
the fiber is determined by measuring the pressure variation experienced by the
fluid due to the displacement of the fluid in constant volume by the test sample.

This method is in accordance with [12].

/4 P
/ 1
P where p ¢ { r[ J j ( )

V4 2

where p is the density (g/cm?), V;is the fiber weight (g), V,, is the sample volume
(cm®), V_is the sample orifice volume (cm?®), V, is the reference volume (cm?), P,
is the pressure measured after pressurizing the reference volume (V) (PSI), 7, is

the pressure measured after including the cell volume (V) (PSI).

2.4. Water Absorption

The TC fiber water absorption test was performed according to the method of
[13]. Seven samples were prepared and the mean percent water absorption was
calculated using Equation (2). The samples were first weighed as A4, and then
immersed in fresh water for 24 hours at room temperature. After 24 hours of

immersion, the samples were reweighed as A,.

Abs = M -M, 100% 2)

0

2.5. FTIR-ATR Spectrometry

A Fourier Transform Infrared (FTIR) analysis is performed using a Shimadzu
IRAffinity-1 CE Shimadzu instrument equipped with a diamond crystal operat-
ing in ATR mode. The infrared spectrum is recorded from 500 to 4000 cm™" by
accumulation of 32 scans with a resolution of 4 cm™.
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2.6. Chemical Characterization

The determination of the content of cellulose, hemicelluloses, lignin, pectin and
waxes is carried out in accordance with ASTM 1972 and ASTM 1977. The me-
thod used is a method by successive extraction of the components of the fibrous
material by solvents from a mass of approximately 2 g of ground and dried fiber.
The first extraction the alcohol-toluene mixture which will dissolve the waxes
and fats and then a second extraction is carried out with hot water at 90°C which
will allow the determination of the quantity of mineral salts as well as the low
percentages of tannins, starch and polysaccharides. Then a third extraction to
separate the pectins is carried out with an aqueous solution of ammonium oxa-
late extraction. Then the lignins are dissolved by a solution of sodium chlorite
and glacial acetic acid. Finally, the hemicelluloses are solubilized by a solution of
potassium hydroxide and then by a solution of soda which, by elimination, will
make it possible to determine the percentage of cellulose and hemicellulose. The
values obtained are the average of three repetitions of the rate of the constituents
of the fibers.

2.7. Thermogravimetric Analysis (TGA)

The thermogravimetric analysis is performed on an analyzer (TGA) using the
NETZSCH STA 449F3 Jupiter (Germany) under constant air from 25°C to
700°C at a heating rate of 10°C/min. About 10 mg of the sample was used.

2.8. Tensile Strength

The test specimens were first separated manually and stored in a conditioning
chamber at a controlled temperature of 20°C + 1.5°C and a relative humidity of
60% *+ 1% for 24 hours. Tensile tests on fiber bundles were carried out on a
FAVIMAT+ machine. For this purpose, 44 fibers were tested at a speed of
5mn/min in accordance with the NF T25-501-3 standard. The tests were carried
out using a 3200 cN force sensor, the holding length was 10 mm. The effective
cross-section was calculated from a scanning electron microscopy (SEM), using

a Hitachi 3000 instrument, in accordance with [14].

3. Results and Discussions

3.1. Scanning Electron Microscopy Analysis

Like flax and hemp, TC fibers are located at the periphery of the stem. Figure
2(a) and Figure 2(b) show the morphology of the TC fiber. It was possible to
separate the fibers from each other and thus obtain the unitary fiber (Figure
2(a)) by treatment one by one with a Laroche opener.

Figure 1(a) shows the cross-section of the TC fiber. This view shows that the
structure of a TC fiber is made up of several elementary fibers (also called unit
fibers) superimposed not only on the cross-section but also on the length of the
fibers. They are firmly bonded together by pectin and other non-cellulosic com-

pounds that give strength to the entire bundle [15]. In addition, Figure 2(a)
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Figure 2. Bast TC fibers: (a) in blue a technical fiber, (b) in green a unitary fiber.

shows the cross-section of the lumen structure. This lumen is oval in shape, this
shape and large aperture could be due to the efforts applied during the prepara-
tion of the fibers. Indeed, the fibers were separated (opened) with the Laroche
opener. Figure 2(b) is a longitudinal view of the TC fiber. It shows that there are
impurities on the surface, and this structure has many burrs, which is due to the
absence of surface treatments. However, the strength of the bundle structure is

much lower than that of the elementary cell (see Table 4).

3.2. Density

The density of TC fiber is low at 1.477 + 0.016 g/cm’, but close to (1.41 g/cm’)
compared to the same species [2]. Moreover, it should be noted that it is similar
to that of flax fibers and (1.50 g/cm’) of hemp fibers (1.47 g/cm?) respectively
[16] [17] and therefore TC fiber can be used in the same applications as the lat-

ter.

3.3. Water Absorption

Water absorption by TC fibers is high at 342.3%. This highly hydrophilic cha-
racter is also attributed to the presence of hemicelluloses [18], but also to the
high group content of free hydroxyl groups [13], responsible for moisture sorp-
tion (see IR-spectrum in Figure 3) and affects the physical and mechanical
properties of our fibers [18]. Also the high porosity observed on the microstruc-
ture (Figure 1). According to [19], this character leads to drops in stiffness and
the appearance of cracks within the composite. Nevertheless, it should be noted

that this disadvantage could still be improved by a surface treatment.

3.4. FTIR-ATR Spectrometry

The spectral analysis of the TC fibers obtained gives us the FTIR-ATR spectrum
(Figure 3).

The infrared spectrum obtained above shows the positions of the well-defined
remarkable peaks: 3333, 2917, 1728, 1605, 1506, 1425, 1315, 1031 and 662 cm™*
identified in Table 1. The first peak at 3330 cm™ represents the hydrogen (O-H)
bonds of the inter and intramolecular network of cellulose, as well as the free

hydroxyl groups of hemicellulose [20]. Moreover, Célino ef al. [16] have observed
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Figure 3. ATR-FTIR spectrum of TC fibers.

Table 1. Characteristic positions of the FTIR bands of TC fiber and their assignments.

wa‘(,:::ﬂl)lber Assignments References
3333 OH stretching (cellulose) [20]
2917 C-H stretching (cellulose-hemicellulose) [16] [20] [21] [22]
1728 C=0 stretching vibration (pectins, waxes et hemicellulose) [71 [21] [23]
1605 Aromatic ring (lignin) [16] [22]
1506 C=C aromatic symmetrical stretching (lignin) [20] [21] [22]
1425 Vibration of the carboxyl bond characteristic of pectins [16]

CH wagging (cellulose and hemicellulose) C-O stretching

1315 vibration in ester [24] 251
1234 Acetyl groups (hemicellulose) [16]
1031 C-O stretching ring (cellulose and hemicellulose) [16]
662 C-OH out of plane bending (cellulose) [20] [25]

that this absorption band is characteristic of the presence of liquid water more or
less bound to the polymeric network that constitutes the natural fibers. The
second peak located at 2917 cm™ represents the (-CH) group present in hemi-
cellulose and cellulose [16] [21] [22] [23]. However, we observe an evidence by
the decrease of the signal of the characteristic peak at 1728 cm™ which corres-
ponds to symmetrical elongation of ester group (C=O of carboxylic acids)
present in pectins, waxes and acetyl groups present in hemicelluloses [7] [23].
Also the absorption of this peak confirms the hydrophilic nature of the natural
fiber [21]. The region of the spectrum in the band between 1506 cm™ and 1605
cm™' is characteristic of the symmetrical aromatic (C=C) elongation present in
lignin. The observable peak around 1315 cm™ is characteristic of the vibration of
the -CH bond and the aromatic -CO group present in polysaccharides. From
there, at 1031 cm™, peaks corresponding to stretching bonds of the C-O ring are
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found. These bonds are characteristic of cellulose and hemicellulose [16]. Final-
ly, the characteristic peak at 662 cm™ is attributed to cellulose [20] [25]. These
results show that TC fiber is composed of cellulose, hemicellulose, lignin, pec-
tins, waxes and polysaccharides. It is therefore similar to known plant fibers

such as jute, sisal, flax and hemp [22] [26].

3.5. Chemical Composition

The chemical composition of the TC fiber and the values of other vegetable fi-
bers are given in Table 2. In contrast to the work of Senwitz ef al [2], which
gives the holocellulose (72.26% - 87.90%) and extract content (0.70% - 3.10%)
contents, this chemical analysis goes as far as to dissociate the cellulose, hemi-
cellulose, pectins, waxes and minerals in terms of content. It appears that TC fi-
ber contains 44.4% cellulose, thus less than hemp or flax but close to kenaf, jute
and coconut fiber in the literature [27] [28] [29]. This content also indicates that
its fibers could find very good applications in composites and textiles. On the
other hand, the 30.8% hemicellulose content is higher compared to conventional
fibers [27] [28] [29] [30]. This is due to its highly hydrophilic nature, which is
responsible for the absorption of water due to the presence of free hydroxyl
groups in its structure [18] [19] [20]. The percentage of lignin (18.9%) is similar
to that of flax and kenaf [27] but it is high compared to the work of Senwitz et
al, [2]. These studies also note that the high lignin and hemicellulose content
increases with retting time. Consequently, the considerable amount of pectins
(3.3%) and hemicellulose that is not removed during retting results in a signifi-
cant reduction in the stiffness and strength of TC fibers [2]. Finally, TC fibers
have (2.1%) minerals and also a very low wax content (0.5%).

3.6. Thermogravimetric Analysis (TGA)

The results of the thermogravimetric analysis (TGA) of the fiber under study
give us the TG-DTG curves in Figure 4.

Table 2. Chemical composition of lignocellulosic fibers.

Fibers Cellulose  Hemicellulose Lignin Pectins Wax (Grease and oil) Minerals (Tannin References
(Wt%) (Wt%) (Wt%) (Wt%) (Wt%) and starch) (wt%)
Flax 60 - 81 18.6 - 20.6 14-19 23 1.7 - [28] [30] [31]
Hemp 70 - 74 179 -22.4 3.7-57 0.9 0.8 - [31]
Jute 45 - 84 12-21 13-26 0.2 - - [29] [31]
Kénaf 31-63.5 17.6 - 21.5 15-19 2 - - [29] [30] [31]
Coconut 36 - 43 0.15 - 14.7 41 - 45 3-4 - - [28] [31]
*Ic 444 30.8 18.9 33 0.5 2.1 *Current study
Holocellulose (%) Extract content (%)
TC (UT) 72.26 9.90 3.10
TC (3W) 82.72 12.73 0.85 =l
TC (6W) 87.90 13.67 0.70

*TC (*)Current study; UT, untreated; 3W, fibers retted for three weeks; 6W, fibers retted for six weeks.
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Figure 4. TG -DTG curves of TC fibers.

These curves are similar to those obtained for linen, jute, banana and hemp
[7] [13] [32] [33]. They show three main regions of mass loss: An initial mass
loss, observed in the temperature range 75°C - 144°C, of about 11.49%, which is
mainly attributed to fiber dehydration [17]. This mass loss stabilizes at 235°C
and is the locus of thermal stability of the fiber [33]. A further loss of mass will
occur above 235°C (46.02%), due to the decomposition of the less thermally sta-
ble elements such as non-structural hemicelluloses [21] [32] [34], fats and waxes
[35]. The inflection point observed at about 336°C, (loss of mass of about 43%),
would correspond to the destruction of part of the constituents (cellulose in par-
ticular and the oxidative degradation of carbonized residues) [33].

The DTG curve of the TC fiber shows a peak at 420°C (mass loss of 72%)
which is due to the thermal decomposition of the cellulose [7] [33]. According to
[21] [22], lignin is more heat resistant and decomposes last. This decomposition
is observed in the 420°C - 482°C region. Above 482°C, mass loss becomes very
slow and a stable residue is formed. A residue of 12.69% of the TC fiber remains
after heating to 700°C. Table 3 compares the degradation characteristics of the
fiber under study with those of other known plant fibers.

It can be observed that TC has an important residue compared to other vege-
table fibers except banana fibers, which would confirm a better temperature re-

sistance.

3.7. Tensile Strength of TC fiber

The tensile tests reported in Figure 5(a) show that the TC fiber is a fiber with
low elasticity and its mode of rupture qualifies it as brittle.

Figures 5(b)-(d) and Table 4 through the associated values show that these
fibers have low mechanical properties compared to those of the same plant
from the work of Senwitz et al. [2] except for elongation they are the most ex-

tensible.
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Table 3. Thermal behaviour of vegetals fibers. *(700°C).

Temperature degradation (*C)

Degradation (%) Residue % at

Fibers ital rinal of Cellulose 800°C References
Ic 235 420 72 12.69* Current study
Sisal 220 415 72 5.0 [7] [33]
Kenaf 233.5 442.2 81.96 10.49 [36]
Jute 229.5 442.0 78.88 11.83 [36]
Roselle 220 400 76.36 10.9 [13]
Banana 263 374 51.5 243 [37]

Table 4. Mechanical properties Triumfetta cordifolia compared to other plant fibers.

Fibers  p(g/cm®) Area (um®) o (Mpa) E (Gpa) £(%) References
Cotton 1.55 - 300 - 600 5.50 - 12.6 [30] [31]
Flax 1.50 - 345 - 1035 27.6 2.7-32 [30] [31]
Jute 1.50 - 187 -773 10 - 26.5 1.5-3.1 [30] [31]
RC 0.947 - 150 - 1738 23-17 10.9 - 53 [38]
NA - - 61.64 6.043 0.0102 [39]
TC (UT) 1.16 - 209.1 £ 64.1 12.5+3.3 2.55+0.61 [2]
TC (3W) 1.26 - 916.3 £370.3 53.4+10.3 1.75 + 0.62 [2]
TC (6W) 1.41 - 890.6 £293.6 59.8+9.7 1.56 + 0.43 [2]
*TC 1.477 4437 526 + 128 124+ 6.9 2.25 (*)Current study
1050 2.55
900 225
® 750 — 175 1.56
< 600 g
B 450 w
300
150
0 & R R <
0 05 1 15 2 25 3 N > ° #
€ (%)
() (b)
916.3 890.6 53.4 53.4
© 526 =
o
s &
B 209.1 w125 124
S N & < & o o <~
(© @

Figure 5. Tensile behaviour of TC fibers: (a) Stress/strain curve, (b) Elongation at break

graph, (c) Tensile strength graph, (d) Modulus of elasticity.

The tensile strength of TC fibers (526 MPa) has similar values to cotton (300 -
600 MPa) or flax (345 - 1035 MPa) or jute (187 - 773 MPa), while their elonga-
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tions (2.25%) are similar to those of jute or sisal in the literature [30] [31], but
also to that of untreated TC (2.55%) from the work of Senwitz et al, [2]. The
Young’s modulus of the fiber samples from TC (12.4 GPa) is rather low com-
pared to that of TC (53.4 - 59.8 GPa) routed between three and six weeks respec-
tively [2]. Similar values show a stiffness comparable to that of cotton (5.50 -
12.6 GPa) or jute (10 - 26.5 GPa) [31], (6.3 - 26 GPa) [22] and RC (2.3 - 17 GPa)
[38]. All these mechanical properties (o; E, &) of TC fibers are still superior to
those of NA fiber [39]. These fiber tensile results also support the 44.4% cellulose
content obtained in the chemical composition. Also, many factors such as ex-
traction methods, fiber morphology, climate, age (or maturity stage), different
geographical area could influence these mechanical properties [31].

In the end, TC fibers are flexible compared to hemp and flax fibers as these
have a low Young’s modulus. The softer a fiber is, the lower its Young’s modulus

and therefore it finds applications in composites and textiles [1].

4. Conclusion

The bast fibers of Triumfetta cordifolia A.Rich., extracted by retting, have been
characterized. The results reveal that the fiber consists of several elementary fi-
bers with oval cross-sections. They have a density of 1.477 g/cm’. Although the
water absorption of these fibers is quite high, it can be improved by surface
treatment of the fiber. The fiber consists of cellulose, hemicellulose, lignin, pec-
tins and minerals. Its 44.4% cellulose content in particular gives it tensile prop-
erties similar to those of jute, flax and kenaf. This makes them suitable for the
same applications. Moreover, in terms of mechanical properties, TC fiber has a
relatively low tensile stress and high elongation at break compared to the same
species in the literature. This difference could be justified by the different geo-
graphical location of fiber harvesting. This study also shows that the fiber can
withstand the processing temperatures of the proposed composites without de-
gradation. It is therefore suitable for the implementation of composites by ther-
mocompression. This work has therefore confirmed that TC fibers are suitable
for the reinforcement of composite materials. In perspective, this work will be
complemented by surface treatments of TC fibers and then biocomposites will
be manufactured with matrices of tannin resins and natural rubber latex rein-
forced with treated and untreated TC fibers.
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