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With the increase in plastic waste, recycling becomes an urgent necessity to reduce and revalue it. PVC is one of the
most widely used types of plastic in the world, and indeed it is among the most recycled. The effect of recycling on
PVC or any other type of material is to reduce these characteristics, which also depends on the method by which it is
recycled.Finding a way to increase the recyclability number of PVC by improving the mechanical characteristics will
be an addition at the level of scientific research as well as at the industrial level. The addition of a bio-loading in the
form of cow horns, coconut or chicken feathers on the flexible PVC with an experimental study of the results obtained
allow to deduce the most adequate bio-loaded material to improve the mechanical characteristics after recycling. The
experiments carried out on flexible PVC have shown the effects of bio-loading as well as the degradation brought by
recycling on this type of plastic. The results obtained showed an improvement in the mechanical properties of rigid
and flexible PVC with a natural bio-loading with the three fibers of coconut, cow horns and chicken feathers which

enhance the environment, are very light and can be collected directly from the waste with a large amount.

Key words: flexible and rigid PVC, recycling, coconut, cow-horns, cicken feathers

INTRODUCTION

Single or in combination with others, plastics are the ma-
terials of today and tomorrow. By their lightness, their
low cost and their recyclability, they manage to compete
with other materials both at the industrial level and at
the level of scientific research. Second classified after
polyethylene, PVC has become the focus of many indus-
trialists and researchers for the production and recycling
of waste. [1] to [4], [11] Scientific research on PVC recy-
cling becomes a glaring necessity by citing the tonnages
of waste recycled in the VinylPlus framework during the
period from January 1, 2019 to December 31, 2019, by
the initiatives of the EuPC sector groups and industry
associations and by Recovinyl. [23] The study on PVC
recycling begins first with artificial aging simulating the
effects of real aging [5] consists of accelerating the deg-
radation of the material using an oven with ultraviolet
rays. After validation of the rigid and flexible PVC aging
model, comes the treatment of variations and degrada-
tions of the mechanical properties brought to the material
by recycling. In order to improve the mechanical proper-
ties of recycled PVC, the addition of a bio-load was an
advantageous solution in terms of cost and availability;
they are usually collected and burned with household
garbage in landfills. The choice of bio-loads fell on three
types: cow horns, coconut and chicken feathers. Each
bio-load was washed, dried, crushed and sifted then
added with a well-defined percentage to the aged PVC,
crushed and also sifted. [15] [24] The study is carried
out experimentally with tensile and hardness tests, on
bio-load recycled PVC specimens. The tensile tests are
carried out on flexible PVC for its simplicity in terms of
recycling, while the hardness tests are of course made
on rigid PVC.

*abdelghani.lakhdar-etu@etu.univh2c.ma

The experimental results converge on one of the three
bio-loads which improves the properties of recycled PVC
the most. this bio-load makes it possible to improve flexi-
bility by increasing the elongation at break, and hardness
by reducing the stresses at break.

AGING AND RECYCLING OF PVC

Aging is achieved by exposing rigid PVC to a constant
temperature of 328.15 K and UV (ultraviolet) rays for 15
days of samples and flexible PVC to an irregular tem-
perature of 104 minutes modelling the day then cooling
to room temperature for 104 minutes to model the night.
The 104 min delay is obtained by an Arduino board which
controls a ** 5V / 220V / 10A " relay.

Vee
T Power
Nk supply
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(d :
(0 Arduino ol
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Figure 1: Electric oven control circuit
The aged samples are then taken for the tensile test in

the tensile machine whose elongation speed is 25 mm /
min for flexible PVC and 5 mm / min for rigid.
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Figure 2: Machine tensile test

The results in Figure 3 show that the elongation of aged
PVC decreased with a small difference in stiffness.
These changes in mechanical characteristics are due to
degradation caused by temperature and ultraviolet rays.

[5]

Figure 5: Sifted PVC powder

The effect of recycling on PVC is very clear as described
in figure 6. The material becomes more rigid with a strong
reduction in elongation.
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Figure 3: Tensile test of PVC before and after aging

After aging, the samples are ground in a mill as shown
in figure 4, then sifted in the form of powder as shown in
figure 5, then extruded in the form of a plate 2 mm thick.
The specimens are forged from plates and then taken for
a hardness test and a tensile test in the tensile machine
as shown in figure 2.

Figure 6: Tensile test of PVC before and after aging vs
recycled one

Figures 3, 6 and Table 1 show the results obtained from
the tensile tests carried out on the samples of PVC be-
fore and after aging and of the recycled one. These re-
sults clearly show the effect of aging which is negligible
compared to that of recycling which is really remarkable
in the level of change in stiffness as well as in the re-
duction in elongation. Elongation at break is reduced by
more than 114mm, with an increase in tensile strength
of 12.5 MPa, as a result PVC loses much of its flexibility
and becomes more rigid.

Table 1: Stress and strain at break of PVC before and
after aging and recycled

Stress at break | Strain at break
[MPa] [mm]
Flexible PyC 2.83 164,53
before aging
Flexible I?VC 197 131,67
after aging
. Flexible PVC 1532 5023
Figure 4: Crusher recycled
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EFFECT OF BIO-LOAD ON RECYCLED PVC

In Morocco as in other countries of the world, the con-
sumption of red meat is increasing, leaving behind tons
of waste. Among its waste are the horns (figure 7 be-
low), which are thrown or incinerated in trash cans, with
the exception of a small quantity intended for traditional
crafts for the manufacture of key chains or decoration
products. [8] to [11]

Figure 7: Cow horns

Also more than 490,000 tons of red meat consumed in
Morocco, which implies a large quantity of horns lost or
rather wasted in nature. Research engineers began to
recycle horns by grinding them into objects through the
sintering process. The horns cows are used here as a
bio-load to improve the mechanical characteristics of re-
cycled PVC. it is a rigid material as shown in figure 8
from a tensile test carried out on several specimens.

Sawin fmn]

Figure 8: Tensile test for horns cow

Between 2004 and 2013, the total area devoted to co-
conut production rose from 11,1 million hectares to 12
million hectares. An adult coconut palm can hold be-
tween 50 and 500 coconuts, while coconut production
increased by 13.5 per cent to 62 million tons in 2013.
[12] to [15] The coconut shell is used as a jar, but also
finds industrial uses such as the manufacture of [6], the
coconut shell powder is also used as a PVC load in the
automotive sector. [7] In this study, the coconut shell is
ground and then sifted as shown in figure 9, to obtain a
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beam that will serve as a bio-load on the PVC to study its
effect on the recyclability of this material.

Figure 9: Coconut shell

There are 19 billion hens on Earth, two and a half times
as many as human beings. Every year, 5 million tons
of feathers are produced by the consumption of birds.
These wastes are used in various ways in different areas
usually as additives for composite materials. [16] to [22]
as shown in figure 10. Knowing that chicken feathers are
made up of 98% keratin-a water-insoluble protein-the re-
searchers have obtained a polymer made from a mixture
of keratin-methyl acrylate. [20] The idea here is to use
chicken feathers as a PVC bio-load to research its effect
on the recyclability of the latter, as in the case of the oth-
er two bio-loads (cow horns and coconut).

Figure 10: Chicken feathers [15]

The experiments are carried out according to the avail-
ability of the raw material aged between rigid PVC and
flexible PVC. tensile tests are carried out on flexible PVC
while hardness tests are carried out on rigid PVC. After
aging in an oven with exposure to ultraviolet rays, the
samples are then ground in a mill as shown in figure. 4,
then sifted to obtain a powder as shown in figure. 5. Then
the quantity is divided into 4 portions, one part is used
for recycling without additives, the other three parts We
add bio-loads to it as additives, these bio-loads are cow
horn, coconut and chicken feathers. The cow horns are
first washed and then rubbed to remove the top layer,
then put in the grinder to finally obtain a sifted powder as
shown in figure 11.
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Figure 11: Cow horn powder

10% of this bio-load has been added to the powder of
the aged PVC, the mixture is then well ground to extrude
plates 2 mm thick to take tensile specimens as shown in
figure 12 below.

Figure 12: Mixture and tensile test specimen of PVC
and cow horns

After piercing the coconut to remove the liquid, hitting the
coconut with a hammer is still the easiest and most ef-
fective method of opening it. If the shot is done right, you
don't even have to go very hard. Pieces of shell are ob-
tained, using the same hammer they are broken so that
it can be easily crushed, finally sifted to obtain a coconut
powder. This approach is shown in the following figure.

Figure 13: Coconut shell and powder

In the same way as what we did for cow horns, we take
10% of this coconut powder and add it to the aged PVC,
we mix the whole and extrude thin sheets of thickness
2 mm through which samples are taken for tensile and
hardness tests.
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Figure 14: PVC & coconut tensile test specimen

The feathers figure 15 are collected from a killing, then
undergo several washes with tap water and a final wash
with distilled water, after they are put in the oven for 15
min at a temperature of 423.15 K, and finally crushed
to take a powder of chicken feathers as shown in figure
15. [4]

Figure 15:; Chicken feathers & powder

For chicken feathers, different percentages are mixed,
5%, 10% and 15%. Each percent is crushed with aged
PVC to achieve a homogeneous mixture through which 2
mm thick plates are extruded to take tensile specimens,
as shown in Figure 16.

PVC & 10% chicken feathers

PVC & 5% chicken feathers PVC & 15% chicken feathers

Figure 16: PVC & chicken feathers tensile test speci-
men

After obtaining the test specimens using a punch having
sharp edges and free of notches, the tensile test is car-
ried out on the EZ20 tensile machine shown in figure 2
according to the standard: NF EN ISO 6259 and accord-
ing to the following operating mode:
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1. Carry out the following procedure at a temperature
0f 296.15 + 2 K

2. Measure the width and minimum thickness of
the calibrated part of the specimen to the nearest
0.001mm, then calculated the air A in the section

3. Draw two equidistant marks delimiting a length equal
to 26mmz1mm (mark with a pencil or ink so as not to
affect the properties of the test piece)

4. Mount the specimen in the tensile machine
5. Make sure that the specimen is vertical
6. Tighten the jaws to prevent any slippage of the spec-
imen
7. Set the test speed to 5mm / min for rigid PVC and
25mm / min for flexible PVC
8. Reset and start the machine
9. At the break of the specimen, note:
. The force at the yield point F
. The length between the marks after the break
Raise from curves
. The stress at the yield point

O'ZZ

. Elongation at rupture

L—LO

E=—7
LO

LO: initial distance between the two marks: 25mm L: dis-
tance between the two benchmarks after the breakThe
tests are carried out first of all on five test pieces of cow
horns to obtain the mechanical characteristics of this bio-
load from an average curve which is deduced from the
other curves as shown in figure 17.

Ty

7
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-
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Figure 17: Average curve for Tensile test cow horns

The test of the determination of the softening tempera-
ture (Vicat) consists in determining the temperature at
which the mechanical strength of a thermoplastic materi-
al becomes insufficient.
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The elements of the test: (figure 18)

* A hardened steel indenter tip, 3mm long
and with a circular section of area 1mm =+
0.015mm2

» Agimbal micrometer calibrated to measure
within 0.01mm the penetration of the tip of
the indenter into the specimen

+ A weight plate attached to the rod and suit-
able weights such that the total thrust ap-
plied to the test piece can be adjusted to
method A50: load 50N and heating rate
323.15K/H

©

Dial gauge
Differential transformer
Displacement sensor

Thermometer ™3
= Load
| = _\ ——
Heating bath
. p—
Oil (Oil bath)
-t Indenter
n.-—~—_"'_ - .
v -4 Test pieces
- Li=H—H-— Test piece support

Figure 18: Schematic diagram to determine the soften-
ing temperature

This test is carried out on rigid PVC reinforced with two
rigid bio-loads, cow horns and coconut, and on recycled
PVC without additives. In this test we do not seek to ob-
tain the softening temperature but to carry out a com-
parative study to find the most resistant material since
the test machine is not connected to a central unit to re-
cord the curves. The idea is to place the three samples
under the indenters, following the procedure below. If
the indenter reaches 1Tmm deep before the temperature
reaches 353.15 K, the material is said to meet the stan-
dards. What can be seen in Figure 19 is that when the
temperature reaches 353.15 K the comparators display
the penetration results, the one which is the most pene-
trated is the least resistant. First, the specimen must be
conditioned for 5 min at a temperature of at least 323.15
K at the assumed softening temperature. then follow the
following operating mode:

»  Bring the heating bath to a temperature below 323.15
K, maintain this temperature constant.
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* Place the specimen on its concave face horizontally
under the tip of the penetrator of the unloaded rod

* Lower the assembly into the oil bath

«  After 5min apply the 4 additional weights on the load
carrier

*  Set the comparator (micrometer) to zero
*  Press test to start the test

*  When the micrometer indicates a penetration of
1mm (£0.01) in the specimen, the value of the soft-
ening temperature is transmitted to the printer

*  The bath must be allowed to cool before starting a
new test

Figure 19: Vicat testing machine

The sample of recycled PVC without additives is under
penetrator 1. The sample of PVC + coconut is under
penetrator 2. The sample of PVC + cow horns is under
penetrator 3.

RESULTS AND DISCUSSION

The tensile test on the PVC specimen reinforced with
10% cow horn powder is carried out on the tensile ma-
chine shown in figure 2. The flexible PVC becomes more
rigid.

Stress (MPa)

o 5 ] 15 a 25 30 35
Strain {mm]

Figure 20: Tensile test of bio-loaded PVC by 10% of
cow horns
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The result of the test on the flexible test specimen in PVC
reinforced with coconut as bio-load as described in figure
20, was not far from that reinforced by cow horns since
the two materials are rigid.

Stress (MPa)

1 0 L] &0 L] L]

Strain [mm)

[

Figure 21: Tensile test of bio-loaded PVC by 10% of
coconut

For the reinforcement of flexible PVC by chicken feath-
ers, the experiments are made on the addition of three
percentages, 5, 10, and 15%, of which the 10% is the
best quantity to improve the mechanical characteristics
of PVC, while minimizing the deterioration of its flexibility.
Figure 21 shows the tensile result on the PVC specimen
reinforced with 10% chicken feather powder.

16
14
12

10 |

Stress (MPa)
-

[+] 10 20 :u::_;tnin tmm;ﬂﬂ 50 a0 F
Figure 22: Tensile test of bio-loaded PVC by 10% chick-
en feathers

The experimental study is a comparison of the addition
of the three types of bio-loads on flexible PVC to find
which between them is able to improve the mechanical
characteristics of recycled PVC without additives. The
results of each test are gathered on the same graph in
figure 22, and in table 2, to compare the effect of each
bio-loads on flexible PVC.
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—2—PVC Recycled
—8=PVC + cow horns
=8 PVIC # Coconuts

e PUC & 1006 chicken feathers
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Figure 23: Tensile curves of flexible PVC reinforced by
the three bio-loads

Table 2: Stress and strain at break of flexible PVC with/
without bio-loads

Strain at break
[mm]

Stress at break
[MPa]

Flexible PVC
recycled without
bio-loads

15,32 50,23

Flexible PVC
bio-loaded with
10% of cow
horns

11,37 31,14

Flexible PVC
bio-loaded with
10% of coconut

12,84 48,35

Flexible PVC
bio-loaded with

10% of chicken 14,65

61,25

feathers

In terms of rigidity, it is clear that the PVC reinforced by
the coconut is a little more rigid than that reinforced by
the cow horns, this is what is shown in figure 23. When
the temperature reaches [353.15 K the penetrator depth
values are summarized in table 3.

Figure 24: Penetration depth
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Table 3: Penetration depth at[353.15 K

Penetration depth at
353.15 K

[mm]

Rigid PVC recycled 0.8
without bio-loads ’

Rigid PVC bio-loaded 0.42
with 10% of coconut ’

Rigid PVC bio-loaded 046
with 10% of cow horns ’

The results clearly show that the effect of chicken feath-
ers is the most efficient bio-load for improving the me-
chanical characteristics of recycled PVC. In Tables 2 and
3 as well as in Figure 23, and by a simple comparison
of the values obtained, a large difference is obtained in
the elongation at break. The only bio-load that improved
the performance of recycled PVC was chicken feathers,
while the values of other bio-loads were close to that
recycled without additives. In terms of rigidity, the rein-
forcement of the PVC by chicken feathers has a little
reduced the stress at break which reduces the rigidity.
Then finally we can deduce that the chicken feathers as
a bio-load to improve the flexibility and the rigidity of the
recycled PVC material.

COST ANALYSIS

Any waste that can undergo natural biological, anaerobic
or aerobic decomposition, such as food waste, [garden
waste, paper and cardboard waste, as well as animal
corpses, is biodegradable waste. [26] In this article, we
have used three bio-loads which are cow horns, coconut,
and chicken feathers. In this cost study, the coconut is
neglected for several reasons, the first is the availabil-
ity in Morocco, the coconut s imported for uses which
remain modest until now compared to other countries,
the second if we want to harvest it, we have to buy it
waste. For example, the purchase of a ton of coconut
waste costs 30 euros [27], not counting transport costs.
While the other two bio-loads are available throughout
the kingdom. Slaughterhouses in Morocco are not yet
equipped with recovery systems for slaughter by-prod-
ucts with a view to possible recovery, [28] this is why we
are talking about the availability of these two bio-loads
at country level, its will just be collected for free from the
slaughterhouses. The data for a cost study of these two
types of bio-loads being scarce, and to gather informa-
tion on the [collection costs of these two wastes and the
cost of treatment before grinding, we consulted a com-
pany specializing in waste management industrial, and
some craftsmen in Morocco known for making tradition-
al products using biodegradable materials such as cow
hides and horns. These two sources of information give
us estimates on the cost of collecting and treating the
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two bio-loads just before their grinding. this information
is summarized in table 4 below

Table 3: Cost of bio-loaded waste collection and treat-
ment operations

Cost/Kg [Euro]
Bio-load Cow horn Cow horn
Co's'gftfir?g & 0.095 0.095
Treatment 0.2 0.2
Total 0.295 0.295

The transport operation is neglected since there is at least
one slaughterhouse in each city, so the bio-load is avail-
able in each city. The treatment of cow horns consists of
separating the horns from the cow's skull by a shearing
operation, while the treatment on the feathers of chick-
ens requires several operations starting with sorting the
feathers from the rest of the chicken waste, intestines,
legs and heads, then washing the feathers several times
finally drying in an oven. In this cost study we notice a
small variation between the cost of feathers waste com-
pared to that of cow horns waste, this due to feathers
processing operations, but the availability of feathers as
waste is greater compared to that of cow horns.

CONCLUSION

Recycling cardboard boxes prevents thousands of trees
from being cut down every year. Recycling glass saves
sand. Recycling plastic reduces oil consumption. The re-
cycling of aluminum reduces the extraction of the boxite.
Recycling also involves the degradation of the recycled
material. But also save tons of materials that just went
into the trash, and it will be better if we recycle these
materials with bio-loads that are available everywhere
and just wasted in nature. The contribution of this article
to scientific research lies in the search for a bio-load to
be added to recycled PVC to improve their mechanical
characteristics. The study is carried out experimentally
on three bio-loads of which the chicken feathers are the
best of them. the other two bio-loads (cow horns and co-
conut) decrease elongation at break and also increase
rigidity. Adding 10% chicken feathers to the recycled
PVC improves flexibility by recovering elongation length
at break, and stiffness by reducing stress at break. for
these recoverable values, we will be sure to increase
the recyclability number of PVC. A future study will be
carried out by neural networks to predict the mechanical
behavior of the PVC matrix with different percentages of
different bio-loads, to finally find a competitive material
compared to those on the industrial market.
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