Advances in Materials

2022; 1(3): 60-68
http://www.sciencepublishinggroup.com/j/am
doi: 10.11648/j.am.20221103.12

ca J' » I
otlenecerl

Science Publishing Group

ISSN: 2327-2503 (Print); ISSN: 2327-252X (Online)

Physico-Chemical Characteristics and Study Valorization
Ways of the Cotton Sector Waste in Benin to Biobased
Building Materials

Abdou Raimi Alakouko" *, Guy Clarence Semassoul, Roger Houechene Ahouansoul,
Clotide Guidi"?

'Laboratory of Energetics and Applied Mechanics, University of Abomey-Calavi, Abomey-Calavi, Republic of Benin

“Laboratory of Processes and Technological Innovations, National Institute of Industrial Technology of Lokossa, Lokossa, Republic of Benin

Email address:
abdou.alakouko@gmail.com (A. R Alakouko)

*Corresponding author
To cite this article:
Abdou Raimi Alakouko, Guy Clarence Semassou, Roger Houechene Ahouansou, Clotide Guidi. Physico-Chemical Characteristics and Study

Valorization Ways of the Cotton Sector Waste in Benin to Biobased Building Materials. Advances in Materials.
Vol. 1, No. 3, 2022, pp. 60-68. doi: 10.11648/.am.20221103.12

Received: July 5, 2022; Accepted: July 22, 2022; Published: July 29, 2022

Abstract: The economic importance of the cotton sector in West African countries has led to the development of this sector,
which now generates a large quantity of waste. The objective of the present study is to investigate the possibilities of
valorization of the by-products of the cotton sector into construction materials. The investigations near the actors of the cotton
sector have made it possible to trace the itinerary of the cotton and to bring out fifteen (15) by-products from industries of
which five (5) in the ginning mills, six (6) in the crushing mills and four (4) in the textile mills. The most important ones are
cotton seed hulls, ginning clods and glue wastes which represent respectively 16%, 1.45% and 0.84% of the annual cotton
production. Some physico-chemical characteristics allowed to evaluate the use of these by-products in construction materials.
The higher calorific value and the protein content, which are respectively 19,536 J/g and 1.6%, make the hulls an alternative
fuel and a feed for livestock. This by-product is fully utilized. As for the ginning clods, they are in the form of fibers. Due to
their low apparent density of 25 kg/m’, it is possible to use these clods in the manufacture of light construction materials. The
glue wastes also contain 18% of starch, which makes it possible to consider its use in the production of thermal insulation
panels inside the building. Although this study allows us to identify possible ways to valorize the by-products of the cotton
sector, it remains to find the appropriate methods of their implementation.

Keywords: Cotton Waste, Ginning Clods, Cotton Seed Hulls, Physico-Chemical Characteristics, Biobased Material,
Waste Valorization

industrial economy [7]. Since 2011, Benin's production of seed
cotton has been increasing (Figure 1) [8, 9]; this generates a
large quantity of by-products that remain almost unused and also
constitute a threat to the environment [10, 11] (Figure 2). It is
therefore necessary to valorize the unexploited by-products of
the cotton sector in order to protect the environment.

Moreover, the problem of global warming due to
greenhouse gases is at the heart of the Sustainable
Development  Goals  (SDGs).  According to the
Intergovernmental Panel on Climate Change (IPCC), energy
production in the world represents the main source of GHG
emissions [12] and the building sector is responsible for more

1. Introduction

In West African countries, agriculture is an important sector of
activity for economic and social development [1, 2]. In Benin, in
2019, it represents 36% of GDP, 90% of exports and more than
40% of jobs [3, 4]. Among the multiple sectors that make up
Benin's agriculture, cotton is the main one. In 2019, the cotton
sector represents 13% of GDP, 70% of exports, 60% of the
industrial fabric, 40% of tax revenues and more than 40% of
jobs in rural areas [3, 5, 6]. In Benin, cotton remains the main
cash crop and thus forms the basis of the rural and agro-
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than 30% [12-14]. Several works have shown that the energy
consumption of a building depends considerably on its
envelope (orientation, mass, material properties, height) [15-
21], but mainly on the characteristics of the materials used
[15, 16, 18]. Thus, we can act on the materials used in the
construction of the building envelope to reduce their energy
consumption, and consequently the associated GHG
emissions.
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Figure 1. Evolution of cotton production in Benin.

Figure 2. (a) discarded and burned ginning mill waste (b) discarded textile
mill waste [11].

Among the many existing materials, composites based on
vegetable fibers (textiles, straw, hemp, ...) present thermo-

physical, acoustic,  hygroscopic and  mechanical
characteristics necessary for the consumption of less energy
consuming buildings. These materials have better properties
than conventional materials (cement, sand and gravel) used
in construction. They are also recyclable, renewable and
sustainable [22-34].

In this context of global warming, improvement of comfort
in buildings, protection of the environment, and despite the
advantages offered by the use of materials based on plant
fibers, there are no ways to valorize the waste from the cotton
sector in Benin in the field of buildings. This work makes a
synthesis on the cotton sector in Benin and studies the
possibility of valorizing the by-products on the basis of their
availability and their physicochemical characteristics.

2. Materials and Methodology

The study of the ways of valorisation of the by-products of
the cotton sector was carried out on the basis of the
availability and the physicochemical properties of the by-
products. For that, it was made in three (3) stages:

1. Study of the cotton sector in order to identify all the by-

products of the sector;

2. Estimation of the quantities of by-products in order to

assess their availability;

3. Study of some characteristics of the available by-

products in order to decide on their exploitability in the
field of construction.

2.1. Study of the Cotton Industry in Benin

Semi-directive interviews with cotton sector actors
provided information and data on the cotton processing
itinerary, by-products and existing value-added methods for
certain by-products. The participants in these interviews were
cotton growers, cotton processors' associations, and the
processing plants, which are the Compagnie de Textile du
Bénin (CTB), the ginning plants of the SODECO group, the
Société des Huileries du Bénin and the FLUDOR company.

2.2. Characterization of the Main by-Products

The important physico-chemical characteristics of the
main by-products were determined by tests. Three
laboratories were used for the tests: SCB-LAFARGE's
laboratory, COLAS AFRIQUE's central laboratory in
Cotonou and LERCA's laboratory at the University of
Abomey-Calavi. The studied characteristics depend on the
considered by-product and are: moisture content, water
absorption capacity, calorific value, density, starch content
and ash content.

2.2.1. Moisture Content

The moisture content was determined according to ISO 687
[35]. It allows to evaluate the quantity of water contained in raw
by-products. The equipment used is composed of an electronic
balance of precision 0.1 mg brand KERN (Figure 3-a), an oven
(Figure 3-c), a crucible and a desiccator. The expression of the
water content H is given by the expression (1):
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m,: the mass of the crucible;
my: the mass of the sample and the crucible;
mys: the mass of the dry sample and the crucible.
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Figure 3. (a) KERN precision balance (b) PROVITEQ precision balance -
(c) XUE225 oven.

2.2.2. Density and Water Absorption Capacity

The water absorption capacity was determined according
to the NF EN 1097-6 standard [36]. The equipment is
composed of a 0.01g precision balance (Figure 3-b), a
ventilated oven with a thermostat (Figure 3-c), a pycnometer
(Figure 4-a), a chronometer and a thermostated water bath.
The expression of the water absorption capacity in 24 hours

WA, , and that of the real density (0, are given by:

g, <1004, = M) o
M4
M

P, =P : )

"M, - (M, -M,)

p,, the density of the test water;

M, the mass in air of the saturated and superficially dry
sample;

M, the mass of the pycnometer containing the saturated
sample and water;

M , the mass of the pycnometer filled with water only;

M , the mass in air of the oven-dried sample.

2.2.3. Ash Content

The ash content of the by-products was determined
according to NF EN ISO 1171 [37]. It allows to determine
the ash content at 815°C. For this purpose, the following
were used: an electronic balance with a precision of 0.1 mg

(Figure 3-a), a desiccator (Figure 4-b), an oven (Figure 4-c),
crucibles and laboratory dishes. The ash content is
determined through the expression (4):

_ Mmg-my

A x100 4)

my =my

m;: the mass of the crucible;
my: the mass of the sample and the crucible;
m;: the mass of the ash and the crucible.

Figure 4. (a) water pycnometer (b) desiccator (c) Nabertherm furnace.

2.2.4. Bulk Density

The bulk density is the physical property of the material that
allows us to evaluate its mass for a unit of volume. It takes into
account the voids inside the material. It was determined in this
study according to the standard NF EN ISO 17892-2 [38]. For
this, the mass of a given volume of material is measured. The
measurements were made on three (3) samples. The apparent
density is given by the expression (5):

p= )

m
\%
m: the mass of the material;

V: the volume of the container.

2.2.5. Calorific Values

Calorific value is the amount of energy contained in a unit
of mass of a material. There are two types of calorific values:
the lower calorific value (LCV) and the higher calorific value
(HCV). They were determined in this study by the standard
NF EN ISO 18125 [39]. The LCV is the energy theoretically
recoverable by the user. It is the most interesting data to use.
In this study, the HCV measurements were carried out in a
calorimetric bomb type PARR 6100. The device was
calibrated with a benzoic acid tablet.

The mass of water was thus determined (calorimetric
bomb and calorimeter). The calorimeter box was then
charged with oxygen at a pressure of 25 bars. The sample
was placed in a dish of 25 mm diameter and 14 to 19 mm
height before being introduced into the box immersed in the
calorimeter tank. The combustion was electrically triggered
by a wire. The water temperature was monitored every thirty
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(30) seconds, before and after combustion until a linear
cooling regime was reached. The calorific value (HCV in J/g)
was calculated and displayed directly but it is the equation
(6) that allows this calculation.

Kl*Ecul*(tm _ti)_Kl*(L_l)*Ept
M

HCV= (6)
E_,; : calorimetric equivalent of the calorimeter, the bomb,

their accessories and the water introduced into the bomb;

Ept : calorific value of platinum 2.3 cal/cm;

K; : conversion factor of the calories in joules;
t,, : maximum temperature;

t; : initial temperature;

L: initial length of the platinum filament;

I: remaining length of the platinum filament;
M : mass of the sample to be analyzed.

The HCV for the dry sample can be determined by
equation (7).

100

HCVdry =HCVm (7)

The LCV for the dry sample is calculated according to
equation (8) with equation (9).

LCV,,,=HCV,,, -25.1%h, )

100-h

h, =8937* H * +h 9)

H: Hydrogen content by mass;
h: Moisture content.

2.2.6. Pure Starch Content

The pure starch content was determined for a liquid waste
containing glue. It was determined in order to assess the
potential of the waste to be used as a binder in a material. It
was determined according to the ISO 10520 standard [40].
The method consists of two determination steps. The first is
the hydrolysis of a portion of the sample with dilute
hydrochloric acid, followed by clarification and filtration,
then measurement of the optical rotation by polarimetry. A
second portion of the sample is then treated with 40% (V/V)
ethanol to extract sugars and low molecular weight
polysaccharides. The filtrate is then subjected to the
procedure of the first part. The difference between the two
measurements obtained is multiplied by a factor and thus
gives the starch content of the sample.

For this purpose, an electronic balance of precision 0.1 mg,
100mL volumetric flasks, a polarimeter, a boiling water bath
and other laboratory glassware were used.

The starch content is given by the expression:

S

(10)

20
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a’f,o : specific optical rotation of pure starch;

a, : total optical rotation in degrees;

a, : optical rotation of ethanol-soluble substances, in
degrees;

m, : mass of the test sample of the first part;
m, : mass of the test sample of the second part;

W, : dry matter content of the test sample.

3. Results
3.1. Study of the Cotton Sector in Benin

3.1.1. Cotton Transformation Process

The processing of cotton begins after the harvest. The seed
cotton is transformed in the ginning factories and then in the
crushing and textile factories. At the output of the ginning
factory, it is obtained cotton seed which represents 55% of
the quantity of seed cotton and, cotton fiber which represents
42%. The cotton seeds are transformed in the crushing plant
to obtain cotton oil and cotton cake, which represent
respectively 10% and 20% of the quantity of seed cotton. At
the textile mill, cotton ecru is obtained, which represents
more than 41% of the original seed cotton. The other
elements resulting from the process are considered as by-
products. Figure 5 summarizes the general process of cotton
transformation in Benin.
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Figure 5. General transformation process of cotton in Benin.

In each processing sector, there are several stages and
different by-products. In the ginning plant, there are five (5)
by-products (Table 1) after 4 processing stages. Figure 6
shows the process of ginning seed cotton with the by-
products obtained.
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Figure 6. Transformation process in the ginning plants.

At the trituration plant, cottonseed oil and cottonseed cake
are obtained after a long process of eight (8) steps resulting
in six (6) by-products (Table 1). Figure 7 shows the stages of
the cottonseed crushing process with the by-products
obtained.
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Figure 7. Transformation process in the trituration plants.

Lastly, the cotton fibers are processed into unbleached
cotton in the textile mills. This transformation results in small
quantities of four (4) by-products (Table 1). The diagram in
Figure 8 shows the transformation process of cotton fibers
with the by-products obtained.
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Figure 8. Transformation process in textile plants.

In short, during this processing chain, there are fifteen (15)
by-products, including five (5) in the ginning mill, six (6) in
the trituration mill and four (4) in the textile mill. Table 1
also shows the by-products and their sources.

3.1.2. Estimated Quantities of Waste

With the data collected in the processing plants of the
sector, the quantity of each by-product was estimated
according to the quantity of seed cotton. Thus, Table 1
presents these percentages for 100% seed cotton and an
estimate for the 2020-2021 season.

Table 1. Quantity of each by-product for 100% seed cotton.

Processing plant By-products Quantity (%) Quantity (tonnes)

Ginning mill Destoning’s clods 0.450 3276
Sand and dust 0.400 2912
Fiber dust 0.120 873.6
Press clods 0.500 3 640
Ginning clods 1.450 10 556

Textile mill Cardboard 0.010 72.8
Glue waste 0.840 6115.2
Glued thread’s bits ~ 0.315 2293.2
Thread’s bits 0.420 3057.6

Trituration mill Fibers 0.550 4004
Hulls 16.00 116 480
Hulls ashes 0.030 218.4
Discoloration earth ~ 0.080 582.4
Raw soap 0.001 7.28
Free fatty acid 0.008 58.24
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From this table, it appears that the quantity of cottonseed
hulls, estimated at 16% of production, is the most important
of all other by-products. Thus, more than 116,000 tons of this
by-product were generated in 2021. After hulls, there are

11000 -

ginning clods (1.45%) and glue waste (0.84%). Figure 9
shows the quantities of by-products (without hulls) for the
last season and the average for the last three years.

10000
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Figure 9. Quantity of each by-product for the last three campaigns and the past campaign.

This figure (Figure 9) allows us to classify the wastes
according to their availability. It can be seen that after hull
waste, ginning clods are the most important, followed by
glue waste. In the rest of this study, only these three by-
products are considered for characterization.

3.2. Characterization of the Main by-Products

3.2.1. Visual Aspect

All different, the collection of samples of each of the by-
products have allowed to gather in figure 10 the pictures
presenting some by-products. This figure helps to imagine or
to identify by their natural forms not only the possible
valuations of these by-products, but also the possible
treatments to make them usable in the field of the building.

3.2.2. Physico-Chemical Characteristics
At the end of the tests, the physico-chemical
characteristics of the main by-products tested are presented in

Table 2.

The moisture content in the ginning clods is higher than in
the hulls; this is due to the high-water absorption capacity of
the ginning clods. These water contents depend on the
climate (temperature, humidity, wind) and the storage
conditions of the by-products before harvesting. In addition,
both by-products have a high calorific value.

Table 2. Physico-chemical characteristics of the by-products.

Hulls Ginning clods Glue waste
Moisture content 9.20% 15.73%
Water absorption capacity 34% 95% ---
Apparent density (kg/m®) 52 25 ---
Absolute density (kg/m®) 1485 342
Ash content 3.30% 8.40% ---
LCV (J/g) 18301 16065
HCV (J/g) 19536 17271
Pure starch rate -—- -—- 18%

Figure 10. Photo of by-product samples: (a) hulls, (b) ginning clods, (c) destoning’s clods, (d) hulls ashes, (e) fiber waste, (f) sand and dust, (g) cotton stalks,

(h) glued thread s bits, (i) thread s bits.
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4. Discussion

The main by-product of the cotton industry in Benin is the
hull of the cottonseed (16%); it is used in several fields. Its
lower calorific value at constant volume is 19,536 J/g, which
makes it an excellent fuel. It is used in trituration factories
(Société des Huileries du Bénin, Sociét¢ FLUDOR) to feed
the boiler and also in cement factories (Société des Ciment
du Bénin SCB-LAFARGE). The works of Seyikpe [41] and
Aranud [42] have highlighted the massive use of this by-
product as Alternative Fuel. On the other hand, cottonseed
hulls contain protein, about 1.6% according to the work of
Soulama [43]. These hulls are used for animal feed [44—46].
This by-product is fully exploited by industries and farmers,
as since 2018, cement factories are no longer able to get a
normal supply of this by-product to use as an alternative fuel.
Figure 11 illustrates the decrease in the amount (as a
percentage of fuel) of cotton hulls used by the SCB-
LAFARGE plant over the last ten years. This decrease is due
to the difficulty in obtaining supplies of this material. It is
easy to see that in 2021, this percentage will tend towards
zero. This is due to the total valorisation of this by-product.
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Figure 11. Percentage of cottonseed hull used by SCB-LAFARGE in the last
ten years.

In addition to these uses as fuel or nutritional elements,
cottonseed hulls could also be used in the production of
construction materials such as thermal insulation panels [33].
Finally, since the hulls are covered with very thin fibers,
these fibers can be separated from the hull and used as plant
nanofibers. These nanofibers have many industrial
applications.

The second by-product on the list is the ginning clods. It
represents 1.45% of cotton production, or 10,556 tons for the
2020-2021 season. This quantity is relatively large. There is
still no adequate use for this by-product; it is thrown away
and then burned. Several scientific works have proved that
cotton fibers can be used in the production of building
materials, as reinforcement in cement matrix materials or

thermal insulation panels [25-27, 30, 47]. The absolute
density of the ginning clods is 342 kg/m3 ; this by-product can
reduce density and other characteristics in building materials.
Therefore, a use in construction materials is possible for
these wastes. Several researchers have done similar work
[25].

The third is glue waste. This is a by-product from the
gluing stage of cotton threads. It is obtained from a mixture
of starch flour and water. This waste glue, not recycled, is
thrown into a pit to be decomposed later by microorganisms.
Chemical analysis performed on this by-product shows that
it contains 18% starch which is a compound well known for
its potential to serve as a binder in the production of eco-
building materials [48-50]. For example, in the work of
Hounkpatin et al. [51] and Ferrandez-Garcia et al. [52],
starch glue has been used as a binder to manufacture
thermal insulation panels. Given its starch content and the
potential of starch as a binder, this by-product can be used
as a binder in the production of thermal insulation boards or
fiber boards.

5. Conclusion

In spite of the quantity of waste generated by the cotton
sector, there is not yet a policy of their valorization. This
study made it possible to make a synthesis of the various
types of by-products of the cotton sector, their quantities and
also some physical and chemical characteristics. With the
exception of seed hulls, which are in high demand and are
used for energy purposes, it is possible to consider the use of
ginning clods and glue waste in the production of
construction materials.

In this study, the different ways of valorization of the by-
products have been evaluated by the possibility of their use
as filler, binder or reinforcement in construction materials or
insulation materials in buildings. These by-products would
have other uses in other areas. However, this study does not
give more details on the methods of implementation of
materials with by-products, the characteristics that these
materials would have and many other data that would allow
to judge acceptable or not the materials based on these by-
products.
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