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' Abstract

In order to contribute to the protection of the environment and the development of secondary
resources, this study focuses on the transformation of plastic waste into polymer matrix composite
materials. For this purpose, test pieces based on sand + polyethylene and sand + polypropylene
mixture, brought to 4500C were developed and subjected to water absorption, bending and
compression tests. The highest water absorption rate is 0.34%. The average compressive strength is
between the M 20 and Md classes (d = 25 N / mm 2) of the mortars (NBN EN 998-2). The volumic
masses for their part are between 1213 kg / m3 and 1565 kg / m3.
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Introduction

Urban waste in Cameroon, is collected in various
town by HYSACAM, as part of a partnership
between this private company and local authorities
[1]. This waste consists of a mixture of plants,
minerals (concrete) and plastics. Much of this waste
escapes from daily collection and is found in nature
(fields, gutters, streams etc.). The amount of waste
increases with the increase of the urban population.
The gap between the collection capacity and the
volume of waste is growing and communities are
finding it increasingly difficult to master the flow.
The objective of this work is to analyze the
possibility of integrating plastic waste as a binder in
the production of cobblestones as well as
topographic boundaries.

Indeed the introduction of plastic residues in the
manufacture of cobblestones would certainly limit
the volume of this material that pollutes our farms,
our gutters, our streams and in the case of low
thicknesses, kills animals (goats, pigs, fish ..). At the
same time, they improve the quality of our towns
and countryside.

To this end, various mechanical and physical tests
will be carried out for different levels of binders and
binding types, and their analysis will show the ability
of the composite to be used as building materials

environmental alternative to

incineration [2-5].

landfilling  or

The re-use of plastic waste, which is already an
environmental problem, for the manufacture of new
materials is a particularly attractive Several works
have already been carried out or are underway to
evaluate the physical, mechanical and thermal
properties of mortars or lightweight concretes
containing different types of plastic waste as
aggregates, fibers or fillers [2, 5-14], or even as
binder [15-16].

Materials and methods
Materials
Plastics

Plastics, also known as plastics or polymers, are
synthetic materials, mostly derived from petroleum
[17]. They are found in our environment in various
forms (bottles, packaging, etc.). Figures 1a and 1b
below show the accumulation of plastic bottles
upstream of a bridge in Douala.

We will focus only on thermoplastic polymers and
more mainly Polypropylene (PP), Low Density
Polyethylene (LDPE) and High Density Polyethylene
(HDPE).
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both tables, we have a daily volume of plastics of
33.6 tons, or about 12264 tons per year.

This volume is large enough to justify the
establishment of a plastic waste processing unit by
region.

Table 1: Solid waste production in some cities of
Cameroon in 2002 [18]

towns Daily Total daily
Figure 1 a Figure 1b production in | production
kg / inhabitant in tonnes
Figure 1: Circulation of water blocked by plastics at Douala
the sis-cocoa bridge of Douala (Littoral Region) 0.88 2200
Yaounde
Quantitative Justification (center region) 085 1700
Bafoussam
Table 1 gives the daily quantities produced by the (west region) 0,57 210
same cities while Table 2 gives the composition of Garoua
aste in some cities of Cameroon, [18] (north region) 0,37 190
w : 1 r ! ’ National average 0,37 12000
Table 1 shows that, on average, plastic waste
represents 2.8% of urban residues and by analyzing
Table 2: Composition of some percentage waste (%) in some cities of Cameroon in 2002 [18]
components Yaounde Douala Bafoussam Garoua Average
Paper/Cardboard 35% 37 % 1.3% 1.7% 2,2 %
Glass/ ceramic 41% 1,6 % 0,8% 0,1% 1.8 %
Textile/ leather 1,6 % 24 % 0,9% 1.5% 1.5%
Plastics 46 % 34% 2,3% 6,1% 2,8%
Metals 46 % 2,3 % 0,6% 1,0% 1.6 %
Rubble 59% 51% 1,7% 2,9% 24 %
Wood and chips - 1,5% 0,5% 1,9% 0,9 %
Sand
120
99,96

Table 3 shows the physical characteristics of the
sand used and Figure 2 the particle size curve. The
maximum grain size is 5 mm. It has been sieved on
several stained sieves.

Table 3: Characteristics of the sand used

Designation Sand 0/5
Type Sand of Wouri
Cameroon
apparent Mass vol.
1758
(kg/m?)
Real Mass vol.
2663
(kg/m?)
Equivalent of visual
sand (Esv) in% 96,61
Piston sand
equivalent (Esp) in% 84,75
Finesse module 2,72

% Tamisat

0 2 4
Module

[# 4]

Figure 2: Granulometry curve of the sand used
Equipments

a) Plastic melting
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Plastics used for this study are wastages collected at
many homes, the point of deposit, the dumps and
also via the support of Hysacam company. The
binder used is obtained by heating the plastic waste
which has been recovered and then cleaned, sorted,
crushed and weighed. The heating is performed on
an electric plate that can be adjusted to
temperatures up to 500°C (Figure 3).

Figure 3 : Steps of manufacturing binders
b) Obtaining test specimens

The circular saw made it possible to obtain
160X40X40 mm?® specimens to be used for the
bending and compression tests. The FELIX cutter
made it possible to obtain specimens with a
diameter of @60 mm and a thickness of 5 mm
(weighing less than 5 kilograms according to NBN
EN 1338) for the water absorption test (Figure 4).

b,) Prismatics specimens of 160x40x40 mm?

L |

b,) cylindrical specimens of @60

Figure 4: Presentation of FELIX test specimens,
circular saw and cutting machine

Methods

Sorted plastics, cleaned, dried and crushed by type
of plastic are heated in an enclosure at 450 °C, then
the sand is introduced gradually by turning until the
mixture becomes homogeneous. The latter is left in
the open air for 24 hours and then demolded and
the ingot thus obtained is @210mm in diameter to a
height of 70mm. After cooling, the test pieces
160x40x40 mm® and those of @60 mm and
thickness 5mm are obtained from the ingot thus
manufactured, by sawing.

Figure 5 shows the methodology used for the
implementation of the specimens

+ Collect / recovery plastic waste for
storage

+ Separate / sort plastics by type (HDPE,
LDPE and PP)

-

+ Clean, dry and grind by type of plastic to
obtain aggregates

-

+ Melt the plastic granules for 15 min at
450 °C, then introduce dried sand and
knead until homogenization (about 5
min more)

.
+Let to cool in the open air for 24 hours

then unmold

+ Cut with circular saw the prismatic bars
of 160x40x40mm?

+ Using the FELIX cutting machine extract )
the @60mm cylindrical specimens

€€ CCECL

Figure 5: Methodology for manufacturing test
specimens

Physical characterization
Water absorption

Before starting the test, the specimens were dried in
an oven at 105*°°Cto constant mass. The test
consists in immersing these specimens in a water
tank at 22%2°C up to constant wet mass. The
specimens are dewatered every 24 hours and then
weighed and then submerged again in the water
tank.

The absorption of water by immersion denoted Abs
is expressed as a percentage of the dry mass and is
calculated by the following relation:
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% Abs = —moist="d1y 100 1)

Mgry
With:
- Mmoists the constant wet mass

of the test piece after immersion;
- Mgy, the constant dry mass of the test

piece after drying in an oven.
Mechanical Characterization
Three-point bending test

The test was carried out according to EN 196-1 at a
rate of 501°N/s [19]. It was made on

160x40x40 mm> specimens (Figure 6) and under
the following conditions:
%  humidity  55*2and  temperature 22%2°C.
The maximum stress Oy in three-point bending is
expressed by the relation:

M
_ _ Mfmax
Omax ~ I, @)
v
Where  Mgax IS the maximum bending moment;

4
I, = = is the quadratic moment of square section
Z 12

etV= g is the furthest distance from the average

l?{N}

line.

Figure 6: Geometry of the cross-section of the
specimen for three-point bending test

Compression test

The test was carried out according to EN 196-1
under a load increase rate of 2400%2°°N/s [19]. It
was made on specimens of dimension 80x40x40
mm? (Figure 7) and under the following conditions:
% humidity 55%2 and temperature 22*2°C.

The maximum stress Omax
in compression is expressed by the relation:

Omax = FmTax 3)

Where: F,,4, is the normal effort and

S = a? is the cross-section of the test piece.

Figure 7: Experimental arrangement for

compression test.
Results and discussions
Water Absorption

Chart 1 shows that samples containing more
plastics absorb less than those with more sand.
Thus, compared to plastic types, Sable / LDPE and
Sable / HDPE mixes absorb less than sand / PP
blend. The highest absorption rate is less than
0.35%. These results are as interesting as when PET
is used as a concrete additive, in substitution for
sand [10, 20].

Table 4: Values of the water absorption rate (in%)
of the test pieces.

Combination type Water absorption (%)
40%HDPE 0,33
60%HDPE 0,19
40%1LDPE 0,34
60%LDPE 0,18
A0%PP 0,29
60% PP 0,26

Chart 1: Water absorption of specimens depending
on the type and rate of plastics.

035 0,33 0,34
’ 0,29
0,30 0,26
S o 0,19
= . 0,18
2 020
a
2 015
i -
PL_'.' 0,10
I 0,05
=
0,00
N & e < ) R
QS? . (}q I\‘Q'Q II\:DQ q-“:'lls é?lls
é\_l’uﬁ\ {éluﬁ.‘ I;.Qﬁ & e T
Rate and type of plastic
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Three-point bending tests

Table 5 summarizes the results of the 3-point
bending test and Figure 8 shows a trend of the
bend-force curves. These curves show that under
the same load, samples with more plastics increase
rapidly in displacement.
Table 5 shows that the highest peak loading of
5372.5 N and maximum stress of 13.17 MPa are
those of 60% LDPE samples with 40% sand. Our
results are affordable and, moreover, very
interesting for most compared to those of other
authors who use PET [10] and HDPE [14] as
aggregates; LDPE powder [11] and PET fibers [11,
21] substituted for sand for 7 and 28 day tests.
However, there is an increase in resistance for the
use of LDPE as a binder and even more with the
addition of clay as a filler [15].

Moreover, our results for flexural modulus of
elasticity are well above those of some authors [14,
15]. 60% HDPE and PP-based samples have the
least stress and loading values.
The densities of the samples, from each other are
close when the plastic is 60% (1213 to 1394 Kg /
m°). It is the same when the sand is also 60% (1508
to 1565 Kg / m®). These samples have the density
values belonging to those of light concretes (400 to
2000 Kg / m?) [22]. From Chart 2, depending on the
type of plastic, the Young's modulus of 40% HDPE
and 40% PP are the highest. Plus the rate of waste
As plastics increase, the Young's modulus of the
composite decreases. The smallest value of "E" is
854.92 MPa.

Table 5: Average values of three-point bending test

average average Average
(standard (standard (standard
devietion) devietion) devietion)
Plastic HDPE LDPE PP
type
% of 40%HDPE 40%LDPE 40%PP
plastic 60%HDPE 60%LDPE 60%PP
F max (N) | 3700,8(263,2) | 46656 (327,6) | 24163 (13,0)
at the 18969 (160,4) | 5372,5(308,3) | 25729(72,2)
breakup
Onax 9,15(0,6) 10,06 (0.6) 4,83 (0,0)
(N/mm?) 3,88(0,5) 13,17 (0,5) 5.58(0,2)
P 1565 (3,1) 1518 (14, 1) 1508 (0,1)
(kg/m?) 1394 (48,7) 1265(23,2) 1213 (1,0)
E 227564 158834 226402
(N/mm?) 1337.36 854,92 2002.46

Figure 8: Three-point bending test curves.

6000
5000 e 40% LDPE
& 60% LDPE
4000
. ® 40% PP
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£ 3000 60% PP
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Chart 2: Variation of the Young's modulus
according to the rate and type of plastic
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Compression Tests

Table 6 summarizes the results of the compression
test and shows that samples of 40% HDPE with 60%
sand have the best values of load at break and
resistances. However, the smallest values are those
of 60% HDPE samples. In addition to the 60% HDPE
samples, the compressive strength values are
between the M 20 and Md classes (d=25N/mm?) of
the mortars (NBN EN 998-2) [22].

Figure 9 shows the shape of the stress-strain curves.
The latter exhibit brittle behavior for samples
containing  polypropylene and high density
polyethylene and ductile behavior for those
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containing more low density polyethylene. It is
observed that for the same constraint, the
deformation is higher for the samples having 60%
of plastic than for those having 60% of sand.
From Chart 3, it is observed that, depending on the
type of plastic the Young's modules of
40% HDPE and 40% PP are the highest. In addition,
the Young's modulus of the composite decreases
when the plastic content is 60%.
Our results are affordable and satisfactory
compared to those of some authors who obtain at 7
days a slight increase in the compressive strength
for a use of PET fibers [21] and a slight decrease of
them for a use of the aggregates of HDPE [14] and
PP [23] all substitute sand. However, even at 28
days, some work still shows a decrease in resistance
for the use of PP [23]; a substitution increase of
sand for the use of HDPE [14], PET fibers [21];
equality in the use of LDPE powder and PET fibers
[11]. Moreover, with the use of LDPE as a binder
[15], the compressive strength is increased and even
more so when the clay is added.

Table 6: Average compression test values

average average average

Type of HDPE LDPE PP

plastic
% of 40%HDPE | 40%LDPE | 40%PP

combinaison 60%HDPE | 60%LDPE 60%PP
F inax (N) 41884 32378 33855
a la rupture 26311 33303 37923
O max 26,18 20,24 21,16
(N/mm?*) 16,44 20,81 23.70
E 1170,35 659,04 1089,90
(N/mm?) 563,0025 440,82 908,87
45000
40000
35000

— 30000 [ ] A0%LDPE

E

i-:'ﬂ 25000 e 60%LDPE

o .

ﬁ 20000 A0%PP
15000 60%PP
10000 ® 40%HDPE

& 60%HDPE

5000

10

3
Shifting (mm)

Figure 9: Compression test curves.

Chart 3: Young's modulus variation E according to
the rate and type of plastic
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Conclusion and Perspectives

The objective of the present work was to valorize
plastic waste by using it as a binder in the
manufacture of new composites. The highest water
absorption rate is less than 0.35%. For a mixture of
60% LDPE with 40% of sand, we had in flexion test
Fmax=5372,5N; 0max=13,17 MPa and in compression
test

Fmax=33303N ; Omax=20.24 MPa with

@max=1265 kg/m>. The highest compressive stress
is that of samples having 40% of HDPE With 60% of
sand (Omax = 26.18 MPa).
From the results obtained, we can say that this
method of recovery of plastic waste can be adopted
and even used for the production of cobblestones
and topographics landmarks.

Apart from studies done so far in this work, it would
be desirable in addition to perform slipperiness
tests, wear ... and even see how to add clay.
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