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Abstract

The mechanical, physical and thermal characterization of a composite made
from woven raffia fiber vinifiera molded in epoxy resin intended for ship-
building shows that the density (0.5 g/cm? with a relative error of 0.05 g/cm?®)
of the composite produced is lower than that of wood used in this field. The
material has low porosity (9.8%) and is less absorbent (12.61%) than wood.
The result of the thermal conductivity test by the hot plane method shows that
this composite can contribute to the internal thermal insulation (an example
of thermal conductivity is 0.32W/m.K) of floating boats. The mechanical tests
of compression (young modulus is 22.86 GPa), resilience (1.238 J/Cm?) and
hardness (233.04 BH30-2.5/187.5-15s) show that this composite is much harder
and more absorbent than many wood and bio-composite materials used in the
construction of pleasure boats. The abrasion test (0.005349) shows that this
composite could well resist friction with the beach.
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1. Introduction

The need for comfort and weight reduction in cars, planes and boats leads experts
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in these different fields to look for the most suitable material to fulfill the desired
function. In the field of shipbuilding, the lightness of the material allows to reduce
fuel consumption [1] and contributes to improving thermal comfort. However,
the material must be hard and rigid enough to withstand the hazards of the sea
and the navigation environment. In shipbuilding, these problems arise more
acutely, since the amount of fuel consumed by the boats is influenced by its
weight. This weight depends on the density of the material used [2]. For safety
reasons, knowledge of the behavior of the material under compression, impact
(resilience and hardness) and abrasion is necessary. The concern for thermal com-
fort inside the boats is added to the problems related to the weight to be moved.
In addition to the mass to be moved, shipbuilding in sub-Saharan Africa is still
faced with the problem of interior comfort. The adequacy between the comfort
felt inside the boat and the specific weight is the primary goal of bio composites
developed for the implementation of floating boats. For this, research has been
carried out to develop bio composites to implement pleasure boats, for example,
the bio composite based on basalt fiber and flax mixed with epoxy to manufacture
the artifact [3]. The impact behavior of fiber-reinforced composites is the concern
of several researchers at present. This is particularly the case for composite rein-
forced with hemp, carbon and their hybrid fibers; this study shows that the hemp-
reinforced material absorbs shocks better. The results obtained on the study of the
penetration resistance of marine composites show that low-speed impact loads,
even with low impact energy, can cause serious damage and initiate leaks in com-
posite hulls [4]. Although these analyses aim to understand the impact reaction of
various fibrous materials, the study of the impact of bio composites reinforced
with plant fibers used in shipbuilding remains to be supported. Similarly, the
study of friction between the hull and the beach sand remains to be specified in
order to evaluate the removal of material in contact with the beach. The objective
of this work is to determine the resilience, hardness and abrasion coefficient of
the raffia fiber/epoxy resin composite, in order to evaluate its ability to be used for
the construction of small boat hulls. The effect of seawater over time is the deteri-
oration of bio composite, water absorption reaches the peak after one month [5].
Research shows that bio composite with woven reinforcement structure has good
thermal stability [6], also that their hybridization stabilizes their thermal and
flammability properties [7], as well as the influence of fiber diameter for morphol-
ogy analysis [8] and fiber cooling performance [9]. In addition, woven reinforce-
ments have already shown their thermal comfort ability in the textile field [10]. In
addition, the use of epoxy shows that it is a good thermal insulator. But the wear
rate of the composite made by epoxy increases as well as the sliding frequency or
temperature [11]. The study of the thermal cycle in woven laminated composites
shows that the temperature can cause delamination by interlinear fracture [12].
The raffia fiber has pigs on its surface, this can allow it to be used as a thermal
insulator [13]. The determination of the mechanical properties of the bio compo-

site (made by woven raffia vinifera fibers and epoxy resin) was done by evaluating
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the breaking force and the two weaving directions (weft and warp) [14]. The objec-
tive of this work is to develop a bio composite based on woven raffia vinifera fiber
that can be used to build floating boats; then to determine its behavior to impact,
abrasion, physical and thermal of the woven bio composite Raphia vinifera/epoxy.
This work begins with the manufacture of the composite. Then by the characteriza-
tion of the physical, thermal and mechanization behaviors of the bio composite. The

results are then discussed and compared with those of previous works.

2. Materials and Methodology
2.1. Composite Elaboration

The detailed process of bio composite implementation is described in Figure 1.
The material was produced by the contact molding process. This type of process
keeps the pigs on the surface of the fiber. The average Young’s modulus of the
raffia vinifera fiber used is 4.4 GPa [15]. The Young’s modulus of the epoxy resin
used is 3.1 GPa in tension. The mass fraction of the woven fiber structure is 25%
of the total mass of the composite. The epoxy resin was mixed with a hardener at
40% volume fraction. In accordance with ISO 8302:1991, the bio-composite sam-
ple plates were cut to dimensions (10*10*1 cm?) and placed in molds. The resin

was then cast. The process diagram is shown in Figure 1.

Figure 1. Composite development process; (a) Raphia vinifiera fibers, (b) fiber weaving
process, (c) woven reinforcement structure, (d) mold, (e) molding of the woven reinforce-
ment structure, (f) epoxy resin, (g) shaping of the composite, (h) biocomposite obtained.

2.2. Physical Characterization

The main equipment used for physical characterization is a digital milligram bal-
ance (0.001 g), a milliliter beaker (0.001 1), a millimeter caliper (0.001 m), distilled

water and containers.

2.2.1. Apparent and Real Density of the Composite

There are two approaches to determining the density of the biocomposite; that by
direct weighing, dimension measurement then calculation of volume (apparent
mass) [16] according to the ASTMD 792 standard. The expression of the apparent
mass is given by Equation (1).
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Py = 1

m

Va

nx: mass of the composite (kg); 7, : theoretical volume of the composite (m?).
As for the actual density ( p,,, ), it is found by direct weighing of mass, then

embedding in paraffin then immersion in distilled water contained in a graduated

volume (beaker), the actual density is given by Equation (2).

m,
Preat = m —m (2)
V;n _ en c
ppu

with m, : mass of the composite (kg), V,, : volume of the coated composite (m3 ),

m,, : mass of the coated composite (kg), p,,: density of the paraffin (kg/m 3 ).
Using the actual and volumetric density, the porosity of the composite is deduced

by Equation (3).

_ preal _pap %100 (3)

P, real

P

where: P is the porosity of the woven composite material.

2.2.2. Water Absorption Rate of the Composite
It is noted (7 ) and is done according to the ISO 62:2008 standard. The test con-
sists of weighing the samples (ten), then immersing them in distilled water and
carrying out successive weighings until saturation. The balance used is calibrated
to the milligram. The expression for the absorption rate from [14] is given by
Equation (4).

m,—m,

7 =———%100 4)
m.

i

where M ,: saturation mass (kg) and M, : initial mass (kg).

2.3. Thermal Characterization

The thermal properties of the composite material are determined by the asym-
metric hot plane method with an insulated back face. The principle is to send a
constant flow of heat into a heating element using a stabilized power supply whose
power input is 220 V and the output varies from 0 to 30 V. The heating element
with thermocouple K is in contact with the face of the sample and the temperature
on this face of the sample is recorded by an 8-channel Picolog to which a temper-
ature sensor is connected [17]. In this particular case, the temperature range was
between the ambient temperature, which is considered as the initial temperature
(32°C), and the maximum temperature obtained in the case of this test, which is
of the order of 50°C. The Picolog recorder is connected to the computer which
made it possible to interface the recording. This method is used by several authors
such as [18]. The measurement uncertainties of the equipment are of the order of
a thousandth. The unidirectional heat transfer model is given by Equation (5).
Different from the rotating heat flow [19].

DOI: 10.4236/msce.2025.132001

4 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2025.132001

A. K. Djoumessi et al.

0.) (1 0)(1 SR,\(A, B\(1 SR,)(A B)(0

o, ) \c, 1)lo 1 Jlc, D Jlo 1 C, D)\
A, B0 -
Cs Ds (I)l

The following working conditions are permitted:

The hot flow propagates in one direction only;

The work materials are at ambient temperature;

There is no heat loss during the experiment;

The contact between the heating element and the insulation is resistance-free;
Polystyrene blocks are considered to be semi-infinite media.

The heat received by the sample from the heat source is given by Equation (6) [20].

(ecj_( | Oj(l SRchsj 0, ©)
0, - pncye,p 110 1 E\/BGI

Equation (7) represents the heat flux received by the polystyrene block (®,,)

ec ] _ {1 SRchi\J 62 (7)
®,) (0 1 E,/pf,

With E and E, respectively the thermal efficiencies of the sample and the in-

from the element.

—1
sulator. The unit of thermal effusivity is {Jm~.K™'s A) . Combining Equations

(6) and (7) gives Equation (8) [21].
# S 1
0,(zp)= (8)
(=) p C,Sp+(1+C,pR,,S)ES{p . ESp

1+R, . SE\/p 1+R,;SE,\/p

Equation (9) represents the inverse transform of this function for sufficiently

long times (t > + o) i.e. in the Laplace domain+ when (p > 0).

2 2
E Rchs +Ei2Rchi _ Ch |+ 2¢0 \/{ (9)
(E+E,) S(E+E,) (E+E,)Vr

AT(0,t — +o0) = ¢OS(

The square root of time characterizes the heat variation within the source that
generates it. The thermal effusivity of the sample can be pre-estimated from the
one-dimensional model by calculating the slope a of the experimental curve be-

tween two times t and t+dt. It is presented in Equation (10).
AT(0,t) = £(+t) (10)

In this way, over a time interval the curve is assimilated to a straight line. From
then on, the calculation is carried out on the linear third of the curve. Equation
(11) presents the slope of the straight line.

T(t+dt)—T(t)
o=——=——=
Ji+di =+t

By identification with Equation (9), the slope is given by Equation (12)

(11)
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a:L (12)

(E+E,)Vr

The thermal effusivity of the sample can be deduced from Equation (12) by the
Equation (13)

_ 2 -E (13)

_a\/E i

Over an infinitely small-time interval, the heat transfer dq crossing a probe al-

E

lows to appreciate the thermal density, as noted in Equation (14).
dq
= 14
X m (14)
Equation (15) shows the distribution that can be made of the heat transfer in

case Of an increase in temperature due to the ﬂOW.
¢Odt:qe+qi +qs (15)

Here q_ isthe amount of heat passing through the sample; q; is the amount
of heat passing through the insulating block and q, is the amount of heat pass-
ing through the probe. Joule’s law gives the amount of heat according to mass,
specific heat and temperature in Equation (16).

oq = medT (16)

The heat flux dissipated by the probe also causes a rise in the temperature of the
polystyrene block (insulation) and the material. Taking into account the defini-
tions of Equations (15) and (16) we have Equation (17).

dT
b =(pCpe+piCpiei +pSCpses)E (17)

By plotting the curve A T = f(t) and exploiting the linear part of the curve, the
slope of the curve is defined by the relation Equation (18).
_dT _ T(t+dt)-T(t)

18
dt dt (18)

Exploiting Equation (17) and the relation allows us to obtain the volumetric
heat by Equation (19).
1 ¢
pC, =g(7°—(pcpe)i —(pCpe)s] (19)
Inversion by the De Hoog algorithm will allow to find the theoretical temperature
of the complete model. Figure 2 shows the principle diagram of the heat transfer.

Aluminum blocks

Sample
eating element

Polystyrene blocks

Figure 2. Schematic of heat transfer.
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Thanks to the Levenberg-Marquardt algorithm coded in MATLAB, we have an
interval [t,;t,.. |%n which the residual curve is centered around 0°C, the values
of E and pCp (taking as initial value the pre-estimated values) which mini-
mize the sum of the squares of the errors between the modeled value of the ob-

served temperature T, ,(t)and the value obtained experimentally T, (t).

exp
2.4. Mechanical Characterization

All the experimental tests have been carried out with the Douala ambient temper-
ature (32°C) and 68% relative humidity

2.4.1. Compression Test
The compression test is carried out according to the NBN B15-220 standard [7].
Figure 3 gives an image of the testing machine. The measuring comparators

have an uncertainty of one millimeter. The test was carried out on 15 samples.

Figure 3. Compression testing machine.

The test is performed using two springs; the first gives the value of the com-
pression of the ring Ax of stiffness (K = 121740 N/mm) and the second the com-
pression of the sample (Ae). The graph F(Ae) is plotted to obtain the Young’s
modulus of the composite in compression. The force exerted on the sample is ob-
tained using E Equation (20)

F=KAx. (20)

Subsequently, we calculate the Young’s modulus in compression by Equation
(1)

_eAF
LiAe

21)

The expression AF/Ae is given by the slope of the curve F(Ae). Hence:

e: thickness of the sample, L: length of the sample and I: width of the sample.

The experimental curves are plotted by converting the video of the comparator
values variations into an image as presented by [8].
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2.4.2. Resilience Test

This test assesses the potential to withstand shocks without deteriorating or break-
ing. The test is carried out on a Charpy type machine (test specimen on two sup-
ports). The samples are cut to meet the requirements of ASTM E23. The test was
carried out on 15 samples. The uncertainty of reading the test dial is 1 degree.
Figure 4 gives the principle of Charpy test.

o)

() (b)

Figure 4. Charpy test; (a) test principle, (b) testing machine.

The experimental protocol consists in dropping a hammer of known mass (m)
located at the end of the arm of a pendulum of length (L) rotating in a vertical
plane around a horizontal axis. The pendulum is dropped from its initial position
at zero speed onto a sample. Without the sample, it describes i; with the sample it
describes another angle 0f due to the percussion and the rupture of the sample
upon contact with the mass. The resilience (K) (J/cm?) is obtained by the ratio of
the absorbed energy to the cross-section of the notched area on the sample. It is
given by Equation (22):

K=W/S (22)

The absorbed energy is obtained using Equation (23)

w= w,— w, =Ph—Ph, =P(h—h;)=mgl(cosd, —cost)) (23)

With I: arm length (32 cm), w,: Potential energy of the forward pendulum
(joule);

w, : Potential energy of the pendulum after (joule), 7 mass of the projectile (1
kg), hi: initial fall height, A final fall height, S: section of the test piece (cm?).

2.4.3. Hardness Test (HB)

Hardness testing may seem abstract and difficult to understand for some. Master-
ing the vocabulary and reading the hardness value demystifies the subject. The
hardness test is defined by 3 criteria, letters and numbers. The hardness value is
always placed before the test criteria. The Brinell test performed consists of apply-
ing a load for a determined time by a ball, and measuring the diameter of the
imprint. The Brinell number is the result of the ratio between the applied load and

the surface area of the spherical cap of the imprint. The Brinell test standard [10]:
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ISO 6506 and ASTM E10 were followed to perform the test. In the specific case of
this work, we used a durometer to obtain the hardness value directly by reading.

Figure 5 represented the hardness test principle.

Empreinte

Matériau a essayer alotte sphérique)

(®)

Figure 5. Durability test (a) Image of the durometer and (b) the principle of Brinell hard-
ness.

2.4.4. Abrasion

Abrasion is used to determine the loss of material due to friction with another
material. In this work, sandpaper was glued to the engine plate (6); in order to
imitate the effect of the bottom of a boat rubbing on the beach. Abrasion is
measured here using the tribometer opposite. Figure 6 presents the pin disk

tribometer.

Legend:

. Built

. Motor plate support pin
. Comparator

. Plate holder

. Bit holder

. Motor plate

. Motor

. Drive pulley

. Belt

10. Drive pulley

O 0 9O i A WN —

Figure 6. Pin disk tribometer [8].

The experimental protocol implemented to determine the specific wear of the

material was developed by [8]. The wear is obtained by Equation (24):

w= X—— X —— (24)

Am: mass variation (initial mass before the test minus final mass after the test),
p: sample density, n: number of revolutions (engine speed is 1380 rpm) during

operation for 5 seconds it makes 115 revolutions or a linear speed of 43.332 m/s
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(722.2 km/h or 389.1164 knots), r: the friction radius is 60 mm, Fm: The friction
force due to a normal load of 55 N is given by modeling the steel bar.

Determination of the friction force involves modeling the steel bar carrying the
axle, this given by Equation (25).

Fm= 3EI A (25)

3 max
L

The quadratic moment is given by Equation (26)
lé

I= T3 (26)

Amax: displacement given by the comparator, E: Young’s modulus of steel

20500 Mpa, I: quadratic moment, L: length of the pawn arm (320 mm).

3. Results and Discussions
3.1. Physicochemical Properties

3.1.1. Density

The average density obtained from this an average value of 0.5 g/cm’ with a rela-
tive error of 0.05 g/cm’. As for the actual density test the porosity, it is 9.8%. The
low density of the composite is 0.45 g/cm?® with a relative error of 0.045 g/cm?,
however, the apparent density has important in the implementation of insulation
materials, however this density depends on the quantities and nature of the start-
ing materials used., the low density of this composite is due to the higher fraction
of fibers which corresponds to the result of a recent publication which shows that
the density decreases with the increase in fibers [22]. This composite is lighter
than particle-reinforced composites such as doum and polypropylene particles

[23] and many woven-reinforced composites such as flax fiber woven [2].

3.1.2. Absorption

The mixture of the highly absorbent vinified raffia fiber [24] with the hydrophobic
epoxy gives a resulting absorbent biocomposite resulting composite, the same ob-
servation have been done with the random vinifera fiber epoxy [25]. The compo-
site absorbs after 100 days a quantity of water worth 12.61% of its initial weight
with a standard deviation of 1.13. This absorption rate can decrease if the imple-
mentation process is improved or changed. Compared to wood in Table 1, to
other materials used in shipbuilding. This material has the lowest water absorp-
tion rate. In addition, this material is less absorbent than other composites made
from raffia fiber. The analysis of the absorption kinetics shows the increase in wa-
ter uptake by the material over time. The experimental curve of the absorption
kinetics shows that the water absorption is rapid in the first days due to the high
cellulose content and the pigs on the surface of the raffia fiber. This same phe-
nomenon is observed in other works where the composite was made using epoxy
resin, including [25] and [18]. This absorption behaves and the use of epoxy shows
that it is a good thermal insulator typical of many composites [26]. Compared

with the local shipbuilding timber shown in Table 1, the developed bio composite
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exhibits better physical properties. The absorption behavior is depicted in Figure 7.

14

-
N

-
o

Absorption rate(%)

0 1 1 1 1 1 ]
0 2 4 6 8 10 12
square root of time (days)

Figure 7. Absorption kinetics of the average sample.

Table 1. Diffusion coefficient of some wood species used in shipbuilding [27].

Drink Mahogany  Ayous  Azobe Doussie  Iroko  Makore Moabi Okoume Sapele  Sipo

Density
5 0.57 0.38 1.06 0.8 0.64 0.69 0.87 0.44 0.69 0.62
(g/cm?)
Absorption
28 29 28 19 23 28 23 40 29 30
rate (%)
Humidit
5 Y 2231* 2.64* 4.67* 6.45 * 3.82*
(m /S) at 10—10 10—14 10—12 10—12 10—12
40°C

3.2. Thermal Properties

One of the reasons for bio-composites in the maritime field is their contribution
to thermal insulation. Figure 8 shows the result of the heat transfer test through
the developed bio composite.

20 T T T T

Temperature (°C)
S
T
1

5 - -
0 L l L L l l l L l
0 10 20 30 40 50 60 70 80 90 100
Time (s)
@
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20 T T T T T T T

15+
—~
o
<
E 10 e TEXp
5 s Temp Estim
e
E > Residus”10
[

0 M -
5 ] ! 1 ] | | ] ] I
0 10 20 30 40 50 60 70 80 90 100
Time (s)
®)

Figure 8. Heat volume curves as a function of temperature and time: (a) temperature as a
function of time, (b) interpolation by estimated time.

It is observable on the curve at the interpolations equivalent to 100 seconds that
the resulting temperature exchange is 18°C, however the real time range used for
the calculation is (50 to 90 seconds) in this interval the interpolation error is min-
imal (minimal residual). The two curves in Figure 8 show the evolution of the heat
flow through the bio composite per unit of time. All the values obtained are pre-
sented in Table 2. The effusivity is obtained by observing the increase in temper-

ature as a function of the square root of time; this is presented in Figure 9.

20 T T T T T T

—_
[
T

Temperature (°C)
S

0 | | | | | | 1 |
0 1 2 3 4 5 6 7 8 9 10
Square root of time (s)
@
20 T T T T
15 1
~
°
e 10+ = Texp(rac(t)) i
g s Temp Estim
Q
é‘* 5| m Residus™10 H
=
. \\Q/\—w——\ 4
s 1 1 L ! I I 1 ! 1
0 1 2 3 4 5 6 7 8 9 10
Square root of time (s)
(®)

Figure 9. Temperature evolution as a function of the square root of time Thermal effusivity
curves: (a) Temperature variation as a function of the square root of time, (b) interpolation
as a function of the estimated time.
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In the interpolation interval (place of minimum error) all thermal parameters

were calculated. All values obtained are summarized in Table 2.

Table 2. Summary of heat transfer values.

Effusivity Heat capacity ~ Conductivity Diffusivity

(J/m2Ks1/2) (J/mA3K) (W/mk) (mA2/s)

Example 1 229.42 183319.46 0.287 1.57E-06

Example 2 335.32 306898.59 0.37 1.19E-06

Example 3 231.7 183321.01 0.28 1.55E-06

Example 4 314.87 260846.83 0.38 1.46E-06

Example 5 331.02 216582.17 0.32 1.51E-06

Average 288.46 230193.61 0.32 1.46E-06
Standard

. 53.41 53391.87 0.04 1.52E-07
deviation

Variance 0 0 0 0

The similarity of the values in the table to those of the work on the determina-
tion of the thermal properties of a bio composite for construction [28] shows that
the bio composite developed can be used in insulation. Likewise, these values are
close to those of the hybrid composite obtained from raffia particles and resin
[18]. In addition, these values are very low compared to those used in high energy
efficiency buildings [29]. In addition, the shapes of the curves obtained are similar
to those of other works [17] and [30] which used the same process to develop their
composite. In addition, this composite offers better overall thermal insulation
than some tropical woods used in shipbuilding [31]. Its thermal conductivity is
also lower than that of some bio-composites for a given range of humidity values
[32] and [33], as presented in Table 3.

Table 3. Comparison of the composite with those in the literature.

. Thermal Thermal Thermal Thermal
Absorption .. .. e s " .
rate (%) conductivity  effusivity diffusivity a density References
(W/m K) (J/m?Ks 1/2) 107 (m?/s) (MJ/m? K)
Raffia vinifera/epoxy
woven composite 12.61 0.28 - 0.36 229 - 335 11.9 - 15.7 0.18-0.3 Case study
material
Raphia vinifera (RV) 54-94 0.125 - 0.282 333 - 568 1.08 - 246 0.767 - 154 [18]
Raphia vinifera/Epoxy 36.12 - 71 [25]
Linen, Hemp/Epoxy 7-9.57 [34]
Okan Forests 0.45 - 0.6 15-25 [31]
Ayous Woods 0.2-0.25 2-24 [31]
Iroko Forests 0.19-0.5 [32]
Tali Forests 0.15-0.6 [32]
Bilinga Forests 0.15 - 0.45 [32]
Bio-composite based
0.057 - 0.064 [28]
on wood fibers
Biocomposite based
0.056 - 0.065 [28]

on rice fibers
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Continued
Linen/Epoxy 7.5 [34]
Hemp/Epoxy 9.8 [34]

Generally, Table 3 shows that the global thermal conductivity of insolate mate-
rial is lower than 1 (W/m K). Like other material, this raphia vinifera/epoxy woven

composite material can help for boat insolation in sub-Saharan areas.

3.3. Mechanical Properties

3.3.1. Compression Test

Boat hulls are very often subjected to strong compressions due to the weight of
the boat on the one hand and the water pressure on the other hand. The compres-
sion test therefore makes it possible to know the Young’s modulus in compression
and the limit load that the composite can support without crushing. The samples
subjected to the compression test did not undergo complete destruction. How-
ever, beyond the force value of 25 KN the deformation was no longer perceptible.
The average value of Young’s modulus is E = 22.86 GPa with a standard deviation
of 0.2. This is much higher than those obtained for the tensile and bending tests
are. This test clearly shows the material's ability to work in compression. In other
words, it is potential to be also used for the construction of the main structures
(hulls) of boats. Table 4 clearly illustrates the possibility of using this composite
in shipbuilding by comparing its compressive stress with those of the local woods

used. Figure 10 represented the curve of compression test.

30
25
20
15

Force (KN)

Displacement (mm)

Figure 10. Compression test curve

3.3.2. Impact Test (Charpy Impact Test)

The contact due to the movement of the tide between the boats at the quay creates
a shock that can lead to damage to the material used to build its hull. The resilience
test was carried out experimentally on the material given in Figure 11. The value

of the resilience coefficient of the different samples.
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Figure 11. Result of the resilience test.

The graph in Figure 11 gives the average value of all the points in this dia-
gram, which is 1.238 J/Cm? with a standard deviation of 0.385. The value of the
composite resilience is less than that of the composite with glass fiber and poly-
mer matrix whose values are between (6.4 - 8.5 J/Cm?) [35]. The resilience of
woven reinforcement composites like other mechanical properties depends on
the nature of the fibers used., for the same implementation conditions, PBO
(poly(p-phenylene-2,6-benzobisoxazole), aramid, basalt, glass, and Carbon have
the highest resilience value in decreasing order and natural fibers have the low-

est resilience [36].

3.3.3. Hardness Test

Boat hulls collide with rocks or other boats due to maneuvering errors. The Brinell
hardness test performed using the Durometer is used to assess the material’s re-
sistance to penetration and impact. Figure 12 shows the result of all tested sam-
ples.

The average hardness value of all composite samples is given by 233.04 BH30-
2.5/187.5-15s with a standard deviation of 0.25 and variance, 233.04 represents the
Brinell hardness value in N/mm? B represents test type (Brinell); H is hardness;
15s is load application time and 30 give approximate equivalent value in Kgf of
the applied test force (30 Kgf = 294.2 N).

Generally, Brinell hardness measures the depth of the imprint left by a 23 mm
diameter ball, with a mass of 1 kg, thrown at 50 cm. The hardness of this material
is higher than bio-sourced composites made from raffia, coconut, canarium and
palm nut shell particles whose values are between (100.67 and 136.48 MPa) [37].
This shows that weaving could increase the hardness of a composite. This is the
case of woven natural fibers of flax, hemp, banana, sisal, hemp, etc., all of whose
mechanical properties improve compared to those of particle-reinforced compo-
sites [38].
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Figure 12. Hardness test result.

For wood, this test measures the resistance to punching and depending on the
value obtained, the wood can be class A (soft), B (semi-hard), C (hard) and D
(very hard). Compared to local woods used in shipbuilding, the developed mate-
rial is admissible because its hardness is much higher than that of some of these

woods. Table 4 is an illustration of this.

Table 4. Compression, resilience, hardness and abrasion of local woods used locally in
shipbuilding [14].

Compression

The woods (Breaking Resilience Hardness Abrasion
(Nm/cm?) (N/mm?)
strength MPa)

Mahogany 48 3.8 33 Average
Ayous 30 3.3 24 Minimal
Azobe 96 12 145 Minimal

Doussie 74 6.8 Minimal
Iroko 57 3.8 66 Average
Kosipo 55 3.2 50 Average
Makore 58 3.3 43 Important
Moabi 74 Important
Okoume 36 2 30 Important
Padouk 70 Important
Sapele 62 5.6 45 Minimal
Sipo 55 4 45 Minimal

Works presented
Woven 62.5 2 233.04 Minimal
raffia/Epoxy

3.3.4. Abrasion Test

Friction between the hull and the beach generally causes material removal. The
experimental setup we used to idealize this phenomenon assumes a boat rubbing
the beach at a speed of 389.11 knots. Figure 13 illustrates the material removal by

abrasion test curve.
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Figure 13. Abrasion test curve.

The average abrasion (wear) rate is 0.005349 and can be considered minimal.
Compared to the composite based on PEEK (polyetheretherketone) matrix and
reinforced with various synthetic fibers whose friction coefficient values vary be-
tween (0.6 and 1.2) [39]. In addition, for certain materials from alloys such as
carbon, silicon, manganese, iron, copper, etc., the friction coefficient is between
(0.1 and 0.5) [40]. It should be noted from the results in the literature that this
composite cannot be used for braking applications. However, this is a satisfactory
result for the desired use, because a low wear rate means minimal material tearing.
This composite could be used to build hulls. Compared to the local wood used,
this class is admissible. Table 4 illustrates this. In addition to having physical, ther-
mal and mechanical properties comparable to local wood used in shipbuilding,
this composite made from woven raffia fibres cast in epoxy resin is a better ther-
mal insulator, lighter and harder than many resin-based composites, as shown in
Table 5.

Table 5. Comparison of density, impact strength and abrasion resistance of the composite
with the literature.

. Absorbed
. . Density . .
Composite material (g/em?) impact energy ~ Abrasion Reference
& 0)
Recycled PET fibers 0.12 [41]
Bamboo/ it
amboo/epoxy composite ) 42]
for boat hull
I /
pomoea carnffa epoxy 0.9 0.3 (43]
composite
Epoxy viscose non-woven
. 1.2 2.19 0.01 [44]
fabric
Abaca/
aca, epoxy. woven 1 (45]
composite
Reinforced hybrid
einforced hy .r1 epoxy 3.85 (46]
composite
C ite jute,
omposite jute 15/16 (47]
abaca/epoxy
Current work 0.5 2 0.005
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5. Conclusion

Coastal and river navigation is becoming increasingly important in sub-Saharan
Africa for fishing, transport and tourism. In order to reduce the weight of boats
and ensure their internal thermal comfort, a bio-composite based on woven raffia
vinifiera fiber and epoxy resin was developed. To ensure that this composite can
withstand the demands of the maritime environment and ensure thermal comfort,
physical, thermal and mechanical characterizations were carried out. Measure-
ments of real density (0.45 g/cm?) and apparent density (0.5 g/cm?), as well as
absorption (12.61%) and porosity (9%) show that this composite is less dense and
less absorbent than the wood used in local shipbuilding. Measurement of thermal
conductivity by the hot plane method shows that this composite can be used as
thermal insulation, so it can be used for the internal comfort of floating boats. The
mechanical properties of the composite, such as its shock absorption capacity
(Charpy impact test) (2 J), show that the material can withstand impacts at the
dock. Similarly, the result of the abrasion test (0.005) shows that the wear of the
composite in contact with the beach is minimal. All the results presented in this
work show that this composite could be used for the construction of hulls of small

boats.
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