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Abstract

This work focuses on the development of carpets from sand, fabrics of cotton
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fiber and mosquito nets and rubber latex. Following a study on the choice of
the best formulations, the quantity of rubber latex used for shaping varies
between 14% and 18% (latex/sand + latex ratio) for the carpet with the fabric
of mosquito nets and between 16% and 18% for the one made with the fabric
of cotton fiber. Thus, with a mixture of sand, fiber fabrics (cotton and mos-
quito nets) and rubber latex, carpets were developed. In addition, the wear
test carried out on these samples indicates that it is possible to produce car-
pets with the new material made of rubber sand and latex: SABLATEX At
room temperature. Following the characterization test, it resorts to only 16%
latex with cotton fiber fabric, allowing to have carpets with good mechanical
characteristics.
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1. Introduction

Carpets are types of coating intended for installation on all types of supports.
They are of variable shapes and are used for various purposes (carpets, play-
grounds, etc.).

Carpets are mostly made of wool and rarely silk [1]. Today, carpets are at the

heart of technological advances despite a history dating back to antiquity [2].
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Their manufacture is difficult and poses problems (eye aches, equipment,
time, physical effort) for manufacturers. In addition, they are manufactured
from synthetic materials that emit volatile organic compounds indoors often
they become sources of many diseases (cancer for example). This study was con-
sidered with the aim of developing a process for making 100% natural carpet.
This work aims to develop carpets by an environmentally friendly process from
readily available raw materials. It is innovative because no researcher has carried
out relevant research in this field.

2. Materials and Method

2.1. Presentation and Characteristics of Raw Materials

Sand, fiber fabrics (cotton and mosquito nets) and rubber latex are the raw ma-
terials used to make carpets. These raw materials were chosen because of their
availability and the environmental damage caused by net fiber fabrics. The sand
comes from a quarry located in the municipality of Port-Bouét. It is taken from
the Ebrié lagoon using a dredge. This sand has been subjected to particle size
and mineralogical analysis. It is a white sand composed of quartz and feldspar
grains whose particles of more than 500 um have been removed to give the car-
pets a fine texture.

It is used as a binder. Rubber latex coagulates in the open air in a short time,
so to keep it liquid longer, we add ammonia in a ratio of 0.04. The fiber was col-
lected in the commune of ABOBO and ANYAMA. Observations with an optical
microscope revealed that the surface of the net fiber fabric is smooth with
well-individualized woven fiber. Cotton is made of fibrils. These line the surface
of the fiber (Figure 1).

Mosquito net
fiber smooth

Fibrils

(b)

Figure 1. Structure of fiber fabrics seen on the surface (magnification x 30); (a) Net fiber
fabric; (b) Woven fabrics of cotton fiber.
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2.2. Carpet Development Methods

The carpets were made in several stages. The sand to the 500 um diameter sieve
is mixed with liquid latex at varying levels between 10 and 20% (Table 1). The
production of the carpets requires a mould of dimensions (e = thickness x | =
width x L = length): 2.5 mm x 160 mm x 80 mm. The fiber was cut to the di-
mensions of the mould. The latex/sand + latex ratio is presented in Table 1.

Rubber latex is added to the sand and then the mixture is made. This mixture
is done with a mixer for 30 seconds to obtain a homogeneous mixture. After
mixing, a material called SABLATEX is obtained. This material is then cast into
a mould.

The moulding consists first of the laying of fiber fabrics in the mould of di-
mension (e = thickness x 1 = width x L = length): 2.5 mm X 160 mm X 80 mm.
Then the addition of the sand mixture is poured into the mould followed by the
laying of the second fiber fabric in the mould and demoulding.

Finally, after demoulding, the sample is dried for 7 days in an aerated room at

room temperature.

2.3. Carpet Characterization Method: Carpet Wear

Before you begin to format your paper, first write and save the content as a sep-
arate text surface. This form of wear manifests itself in polishing, scratching, mi-
cro-ploughing, and the removal of particles. The procedure used in this test was
to immerse the carpets in water for 24 hours and then dry them in the open air
to a constant mass.

Before each test, the samples are weighed. We then have the mass Mi and the
dimensions of the surfaces. Then, each exterior is subjected to a cycle of 25
brushings. A brushing cycle is a round trip of the scraper paper (GXK51-P80)
over the entire length of the carpet while ensuring that more than half of the pa-
per remains permanently in contact with the surface of the carpet. For the mea-
surement of wear, we have used the device in Figure 2. At the end of brushing,
the surfaces are thoroughly cleaned to remove any loose parts and the carpet is

then weighed; we obtain a mass Mf. The balance has an accuracy of 0.1 g.

Table 1. Formulation of mixtures.

Sand Latex Latex/sand + latex ratio

(8) (8) (%)

900 100 10

880 120 12

860 140 14

840 160 16

820 180 18

800 200 20
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Mass of 3 kg

Wheel

Scraper paper
Sample

Screw fixing the
sample

Figure 2. Wear measurement device [3].

Wear is given by the formula:
p=(M;=M)/M, (1)

where uis the wear expressed in g/cm?
M;is the mass (g) of the dry sample before brushing;
Mis the mass (g) of the sample after brushing and;
Sris the brushed surface (cm?).

3. Results and Discussion

Figure 3 below shows the results of the wear variation as a function of the latex
content for carpets with cotton fiber and mosquito net fabrics.

These curves show that wear decreases when the latex content increases, re-
gardless of the type of fiber tissue.

Indeed, for latex contents varying:

- From 14% to 16%, wear slowly decreases (0.033; 0.017 g/cm?) for the carpet
with the net fiber fabric.

Indeed, at these contents, the latex content is low and does not manage to coat
the particles of sand as well as the fiber tissue. The set of latex-sand and net fiber
are not consolidated. When brushing, it will have a loss of carpet mass and
take-off of fiber fabric (Figure 4(b)). We also note that the mass loss at these le-
vels was observed by [4] [5] [6].

From 16% to 18%, wear drops with a strong variation of 0.017 to 0.07 g/cm?
for the carpet with the mosquito net fiber fabric and from 0.08 to 0.02 g/cm?
for the carpet with the cotton fabric.

Drop in wear resistance between 16% and 18% for carpets with both types of fi-
ber fabrics (Figure 4(c) may be explained by the fact that the amount of latex be-
comes sufficient to strengthen the bonds between the sand particles and the latex as
well as the fiber tissues. Thus, when brushing, the mass loss of carpets is very low.

It therefore decreases with the increase in latex content. The latex, thanks to

its binding properties, coats the sand particles to form a structure consistent
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Figure 3. Wear resistance curves as a function of the latex content of carpets.

Scrap of woven fabrics of cotton fiber

Mosquito net fiber detached

Groove left by scraper paper

(b)

Undamaged surface

Figure 4. Influence of latex content on carpet wear. (a) 16 and 18% latex mats with cotton
fiber fabric; (b) 14% latex mats with mosquito net fiber fabric; (c) 16 and 18% latex mats
with mosquito net fiber fabric.
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with the fiber fabrics. It is the progressive formation of this structure that is the
basis for the reduction of surface erosion of carpets. When the latex content in-
creases, there is a lot of binder on the carpet. The contact zones between the la-
tex, the fiber fabrics and the sand become more solid and the particles are more
difficult to tear away, hence the decrease in wear rate. Our results are consistent
with those of [4] [5] [6]. However, it should be noted that the surface erosion of
carpets with cotton fiber fabric is much lower than that of carpets with mosquito
net fabric. The bonding mode and the fiber tissue arrangement mode are not the
same. Indeed, cotton fiber fabrics are in the form of a network and nodes. When
brushing the knots give the carpet a certain solidity. These nodes form a network
of fibers. This is the cause of the different meshes on the surface of the fiber fa-
brics. These observations suggest that the mesh of the cotton fiber fabric has
many nodes as that of the net fiber fabric. However, a structure with many
meshes will be very solid against friction. The wear resistance values are 0.032 to
0.017 g/cm? and 0.017 to 0.07 g/cm? for the carpet with the net fiber fabric and
0.08 to 0.02 g/cm? for carpet with cotton fabric when increasing the latex content
are lower than those obtained in the work of [4] and [5] This means that carpets
with fiber fabric have good wear resistance. This is due to the addition of fiber
tissues. The results of the work of [6]. Showed that between 13% and 16%, the
wear dropped with a strong variation and increased from 0.52 to 0.05 g/cm? re-
spectively for 8 mm and 0 mm thick carpets, 25 to 0.03 g/cm?® for those 6 mm
thick. The wear resistance obtained by these authors is superior to the results of
this study on wear resistance. Fiber fabrics, therefore, improve the mechanical
properties of carpets.

In fact, the wear resistance values (0.032 to 0.017 g/cm? and 0.017 to 0.07
g/cm?) for the carpet with the net fiber fabric and (from 0.08 to 0.02 g/cm?) for
carpet with cotton fabric when increasing the latex content are greater than
those of 0.52 to 0.05 g/cm? for carpets of 8 mm thickness and 0.25 to 0.03 g/cm?
for carpets of 6 mm thickness obtained in [6] with latex contents ranging from
13% to 16%.

For a better understanding of the effect of latex on cohesion, observations
with an optical microscope were made on the surface of the carpets. Figure 5
shows microscopic images observed on the surface of carpets containing 14%
and 18% latex.

By linking these images (Figure 5) we notice that:

For carpets made with 14% latex content, the binder is deposited in places
between the sand grains and in some areas, we see only unpainted sand
grains. As a result, there is not enough binder to coat the sand particles and
fabric with mosquito net fiber (Figure 5(a)). This explains the strong surface
erosion of carpets with the net fiber fabric.

At this content, the carpet with the cotton fiber fabric could not be made. In-
deed, there is no adhesion between the fabric of cotton fiber and the sablatex

material. The poor adhesion between the fabric of cotton fiber and the sablatex
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Figure 5. Microscopic observation of the surface of the mats. (a) 14% latex mats with

mosquito net fiber fabric; (b) 18% latex mats with mosquito net fiber fabric; (c) 16 and
18% latex mats with cotton fiber fabric.

material is from the lack of binder between the various constituents of the ma-
terial and that of the cotton fiber fabrics.

Cotton fabric fiber is a highly hydrophilic bio-based material. The binder
present in the sablatex material is absorbed by the cotton fiber fabrics. Once the
rubber latex is absorbed, the sand grains and the fiber fabrics can no longer join
together, hence the cracking observed with the naked eye in the sablatex materi-
al.

For the latex content of 16% and 18%, the latex is found between sand grains

as well as on their surfaces and fiber fabrics. It is therefore sufficient to coat

sand particles and fiber fabrics of all kinds (Figure 4(a) and Figure 4(c)).

Hence the low surface erosion of carpets with both types of fiber fabrics is

used. These results reflect the work of [5]. Finally, the latex, thanks to its

binding properties, coats the sand particles and the fibers to form a coherent
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structure. The sand particles contained in the sand for the carpet with the fi-
ber fabric of net not being well encased in the matrix when brushing there
will be a significant loss of mass (Figure 4(b)).

In short, the study of the mechanical behavior of rubber latex stabilized car-
pets shows that they are influenced by the latex content and the addition of fiber
fabrics.

The carpets are coatings, they will be subjected to harsh stresses, therefore, we
will advise the carpet elaborated with fabrics of cotton fiber with 18% latex for
any use for the study of the mechanical behavior of the carpets.

In sum, the study of the mechanical behaviour of rubber latex-stabilized car-
pets shows that these are influenced by the latex content and the addition of fi-
ber fabric.

Carpets are coverings, they will be subjected to heavy stresses, and therefore
we recommend the carpet made with cotton fiber fabric with 18% latex for any

use in the study of the mechanical behaviour of carpets.

4. Conclusions

At the end of our study, we can say that we have just developed a new type or
carpet made with latex. In order to improve its mechanical properties, fiber fa-
bric reinforcements have been added. The wear decreases from 0.032 to 0.017
g/cm? for the carpet with the mosquito net fiber fabric and from 0.08 to 0.02
g/cm? for the carpet with the cotton fabric when the latex content increases.

This work has enabled us to propose a new process for using rubber latex in
the production of carpets.

The presence of rubber latex in this study meets two needs: it is capacity to be
used as a binder thanks to its sticky power and its properties of softness, elastici-
ty, flexibility and resistance. There is a decrease in wear with increasing latex

content. Wear tends to cancel out at 18% latex content.
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