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Abstract 
The present study aims at environmental protection through the use of plastic 
wastes in the production of mortar. The behavior of siliceous sand-based 
mortars from Togo and binders of plastic bags of the kind “voltic” is analyzed. 
Mortar samples from a mixture of siliceous sand and binder of plastic bags are 
prepared and subjected to physical and mechanical tests after immersion in 
the hydrocarbon from 0 hour to 504 hours. The result demonstrates that hy-
drocarbons have no influence on mechanical properties of mortars for an 
immersion time below 3 hours. Between 3 hours and 24 hours the presence of 
hydrocarbon increases their physical and mechanical properties. After 24 
hours mortars generally lose the mechanical properties of around 8% to 24% 
due to the loss of viscosity and cohesiveness of the binder caused by the fuel. 
The behavior in the face of hydrocarbons shows that the material can be used 
in the surface of roads by carefully avoiding that hydrocarbons remain on the 
roads for a period of time beyond 24 hours. 
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1. Introduction 

Nowadays, all plastic materials account for 4% of the use of oil from around the 
world and plastic packaging materials represent alone 1.5%. The household 
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packaging materials represent around 20% of the load of household waste [1]. 
The management of the end of their life is handled in various ways: valorization 
of the material, energy valorization, and organic valorization by way of com-
posting and biodegradation [2]. 

In Togo, plastic packaging bags of sold cold water commonly called “pure wa-
ter” are largely widespread. Many companies produce and supply cold plastic 
water from around the country. After they become useless, they are thrown eve-
rywhere on the streets, roads, and on wild dumps, etc. The big problem is that 
they are not biodegradable and therefore represent a source of pollution, un-
healthy sanitary conditions and a danger for animals. Their combustion also 
causes acidification of the atmosphere and photochemical oxidation. In order to 
deal with this scourge, the Togolese government, through its order No. 2011- 
003/PR of 5 January 2011, banned the import and the use of such non-degradable 
plastic bags that are unfortunately still used. In the face of this situation, a solu-
tion for the protection of environment—still being polluted—might be their use 
in the concrete. In fact, concrete composed of gravel, sand, cement and water is 
widely used in the construction works. As for sand, it is also used in wall mortars 
as well as in reinforced concrete works for some part of buildings, roads, bridges, 
etc. 

In their experimental works, Amey et al. [3] analysed physical and mechanical 
properties of mortars based on siliceous sand and binders of plastic bags melted 
for binder dosages from 7% to 28%. Samples are immersed in hydrocarbon solu-
tion from 0 h to 96 h and subjected to compression, bending and crazing tests. 
The results indicate optimal resistances in compression (σc), crazing (τd), trac-
tion by bending (σf), traction by crazing (σd) for binder dosages varying between 
16% and 22% and that the sample is water-resistant for binder contents beyond 
18%. 

In order to contribute to the end-of-life management of “voltic” plastic bags, 
which are the most available in Togo through their valorization, we propose, 
through this study, to analyze the behavior of siliceous sand-based mortar and 
binders of plastic bags melted by the heat of hydrocarbons is analyzed. Physical 
and mechanical properties of the material are researched in order to find out 
how it can be used as material for surfacing of roads and streets. 

2. Material, Equipment and Method 
2.1. Material and Equipment 

Raw materials and the following material have been used for the experimental 
study: 
- hydrocarbon of the kind “super lead-free” from the petrol station called Total 

in Togo; 
- siliceous sand from extraction area of Aképé-Idavé, located at 20 km 

north-western of Lomé on the national road No. 3 (see Figure 1); 
- Polyethylene plastic packaging bags of water of the brand “voltic” that are  
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Figure 1. Location of zones of material sample. 
 

produced in Togo (see Figure 2(a)); 
- podgy mini-mixer (see Figure 2(c)), for melting of plastic bags; 
- electronic scale of the brand SILVERCREST of a maximal charge of 5000 g 

and of precision 1 g; 
- a machine used for shaking up tubes during the test of the equivalent sand of 

90 cycles in 30 seconds at automatic stop [4]; 
- a standard set of AFNOR sieve, with openings in mm: 0.08-0.1-0.125-0.16- 

0.2-0.25-0.315-0.4-0.5-0.63-0.8-1-1.25-1.6 and 2 [5] [6] [7]; 
- prismatic mould of 4cmx4cmx16cm (see Figure 2(f)) [8]; 
- a carbon vat; 
- a transparent test tube for measuring of absolute density. 
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Figure 2. Experimental mechanism of test tubes’ preparation. 

2.2. Method 

Plastic packaging bags of water of the brand “voltic” produced in Togoare col-
lected from households in Lomé, capital town of Togo (see Figure 1). Then, they 
are melted by the system “heating-vat” of the podgy mini-mixer. The sample of 
sand from the aforementioned extraction area is subject to identification test 
according to the current standards. 

A solid binder sample of the mass 160 g is immersed in hydrocarbon for 50 
days and then placed outside hydrocarbon for ten days. The mass of the sample 
is measured at every 24 hours. 

The different masses of binders that were previously melted are blended with 
sands in the podgy mini-mixer at a proportioning of 22% of binder corres- 
ponding to an optimum proportioning determined by Amey [3]. The resulting 
composite materials are then moulded in the 4 cm × 4 cm × 16 cm mould and 
then vibrated with a tugging device. 

On the whole, 17 samples are produced and freed from mould after 24 hours 
(see chart 2 g) and their initial densities are measured. Twelve (12) samples are 
then immersed in a vat containing a hydrocarbon of the king “super lead-free” 
and the other five (5) are conserved outside hydrocarbon to be used as a witness. 

The twelve (12) samples, immersed in the vat containing a hydrocarbon, are 
produced in a series of three (3) after time periods of 24 h, 168 h, 336 h and 504 

https://doi.org/10.4236/jmmce.2018.61003


K. B. Amey et al. 
 

 

DOI: 10.4236/jmmce.2018.61003 29 J. Minerals and Materials Characterization and Engineering 
 

h whereas the five (5) witness samples are conserved outside hydrocarbon for 
576 h. The masses of the test tubes are measured at every 24 h up to a constant 
mass outside hydrocarbon. 

The relative density (r) of samples is determined by the following expression:  

100i o

o

d d
r

d
−

= ×                         (1) 

In this expression, do represents the density of the sample at the initial state 
(prior to immersion in hydrocarbon), and dί its density at the measuring i. 

The mortars’ samples are then mechanically tested on the press (see Figure 3), 
for determining their resistances in traction by bending, compression and trac-
tion by crazing after 576 hours of age. The conditions of tests are given in the 
following manner: 
 for bending measuring, the 17 samples undergo bending test three points 

(see Figure 3); and the bending is measured at halfway. 
The constraint of bending σf is given by the expression [9]: 

3

3
2f

M PLy
I a

σ = =                        (2) 

With 
4

PLM =  the bending time, 
4

12
aI =  the inertia time and 

2
ay =  the  

position of the most strained fiber; whereby P is the applied charge, L the dis-
tance between the two leans and α the test tube length. In the framework of these 
works, L = 100 cm and a = 4 cm. 

As for the arrow Δƒ, its expression is given by [10]: 
 

 
Figure 3. Experiment device for the determining mechanical properties. 
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whereby the modulus of elasticity (Eƒ) is given by the expression: 
3

44f
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a
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∆

                         (4) 

The parameter of these expressions is defined as previously. 
 The half of the halves-samples (17) gained at the end of the bending test has 

undergone the compression test on the surfaces 4 cm × 4 cm; the strength of 
braking-up at the compression and the shrinking of the test tube are meas-
ured; 

By considering the test tubes whose loaded faces are square on side α, the ex-
pressions of the constraint (σc), and the shrinking (Δc) are provided by [9]: 

2c
P
a

σ =  and c
c

P
E a

∆ =                     (5) 

 The second half of the halves-samples (17) gained at the end of the bending 
test has undergone the crazing test on a linear contact of 4cm on the two op-
posite surfaces; the braking-up charge and the vertical distortion of the sam-
ple are measured; 

The expression of the constraint of traction by crazing (σd) is provided by 
[11]: 

2
πd

P
aD

σ =                           (6) 

As for expressions of the constraint of cutting (τd) and the distortion of cut-
ting (Yd) by crazing, they are provided by: 

d d
P G
A

τ γ= =  and d

a
γ

∆
=                    (7) 

hence, the expression of the module of elasticity of bending (Gd) provided by: 

d
d

PG
a

=
∆

                          (8) 

with P as the applied charge, α the charged linear length (α = 4 cm), D the dis-
tance between the two vertical charges (D = α = 4 cm), and A the charged sec-
tion. 

3. Findings and Analysis 

Table 1 and Figure 4 provide the findings of the identification test of sand and 
binder of the used plastic bags. 

 
Table 1. Characteristics of used sand. 

Materials Apparent density Absolute density Equivalent of sand (ES) Module of fineness 

Sand 1.52 2.63 180 1.80 
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Figure 4. Granulometric curve of used sand [12]. 

 

 
Figure 5. Aspect of sample from the solid binder of plastic bags. 

 
These results show that: 

- the sand has the characteristics of a very fine and clayey sand compared with 
sands from southern region of Togo [4] [12] [13] [14]; 

- the density of the solid binder from plastic bags is increased as it is soaked in 
hydrocarbon, but the density sharply drops as soon as the sample is pulled 
out of hydrocarbon, this is a sign of the degradation of the binder marked by 
cracks on the facing (see Figure 5). Figures 6-10 provide the results of the 
tests on the samples after a period of immersion in hydrocarbon. 

- Figure 5 and Figure 6 show that the sample of solid binder hardly absorbs 
hydrocarbon but rapidly rejects it with the appearance of cracks on the facing.  

- The results from Figure 7 show that the relative density of mortar “non-im- 
mersed” in the hydrocarbon remained constant during 576 hours of conserva-
tion. Thus, mortars without hydrocarbon are free from any distortion. 

- The density of the samples remains practically unchanged during the first 
hours (time below 3 hours) of soaking in hydrocarbon; thus, the relative den-
sity is practically equal to zero during that period. The rise in the density be-
comes significant only after three hours of immersion in hydrocarbon (see 
Figure 8). 
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Figure 6. Density of the sample of solid binder of bags according to the period. 

 

 
Figure 7. Relative density of test tubes according to the period. 

 

 
Figure 8. Average relative density according to the period of immersion in hydrocarbon. 
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Figure 9. Correlation between the period of drying and the period of immersion in hy-
drocarbon. 

 

 
Figure 10. Relative rise and drop in the density based on past periods in/out of hydro-
carbon. 

 
- The density of the samples grows with the time of immersion in hydrocarbon 

and drops as soon as they come out of hydrocarbon and take up afterwards 
their initial value after 24 hours (see Figure 7). The relative variation of the 
density is therefore zero after these 24 hours corresponding to a drop of 
100%. Beyond the 24 hours, the density gets lower than the initial value no 
matter the length of time they remain in hydrocarbon and the relative density 
(r) is then negative (see Figure 7). It stabilizes after a period of 144 hours, 
168 hours and 192 hours for relative time periods of immersion in hydro-
carbon of 21 hours, 168 hours and 336 hours. 

- The relative density (r) linearly grows with the time of immersion of the 
samples in hydrocarbon. It falls down in a parabolic way outside hydrocar-
bon with this time of immersion (see chart 10). The smoothing curves of 
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these experiments for characterizing each behavior are provided by: 
○ for absorption of hydrocarbon according to the period of immersion of the 

mortar: 

1 0rα =  and 2 0.6R =  for 3t ≤                (11a) 

( ) 6
2 123 364 10r tα

−= + ×  and 2 1R =  for 3 24t≤ ≤         (11b) 

( ) 6
3 21 1654 10r tα

−= + ×  and 2 0.974R =  for 24 456t≤ ≤      (11c) 

In these equations, rαi represents the relative density for a length of time of 
immersion t (in hours) in hydrocarbon and R2 the coefficient of determination. 
○ for the time of drying ts (in hours) outside hydrocarbon according to the 

time of  
Immersion ti (in hours) of mortar in hydrocarbon: 

0.154 140.976s it t= +  and 2 0.998R =               (12) 

○ the equations of the growing relative density (rα) and of the falling relative 
density (rp) according to the length of time of immersion in hydrocarbon t (in 
hours): 

( ) 623 1221 10r tα
−= + ×  and 2 0.963R =             (13a) 

( )2 60.081 18.561 17598.537 10pr t t −= − + + ×  and 2 0.974952R =     (13b) 

The rise in the density during the immersion in hydrocarbon means that the 
samples absorb hydrocarbon and the drop in the density is due to the loss of ab-
sorbed hydrocarbon. The negative values of relative densities indicate that hy-
drocarbon caused a destruction of mortar by separating the binder of aggregates 
before it evaporates. 

The mechanical characteristics of mortars are provided by Figure 11 in rela-
tion to the time of immersion in hydrocarbon: 

The data from this chart show that normal constraints in compression, in 
traction by bending, in traction by crazing and inclipping by crazing grow sud-
denly with the time of immersion in hydrocarbon. They rise and fall then, with 
optimal points at periods of immersion in hydrocarbon of 168 hours except for 
the constraint of compression for which the optimal time of immersion is 24 
hours. 

The growth can be explained by the action of hydrocarbon in the viscosity of 
binder helping with a heightened adherence of this binder to aggregates. As for 
growth, it would be due to an excess of thinner (fuel) leading to a dissolution of 
the binder, making it too fluid, weakening then cohesion between the two mate-
rials. The presence of cracking on the facing of the sample of the solid binder 
(see Figure 5) and its loss in weight outside hydrocarbon (see Figure 6) indicate 
this behavior of degradation of properties of cohesiveness and adhesiveness of 
this sample of solid binder. 

The curves of smoothing characterizing the mechanical behavior according to 
periods of time t (in hours) of immersion in hydrocarbon are the following: 
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Figure 11. Resistance according to periods of time in hydrocarbon. 

○ for resistance of compression σc (in MPa) 

0.020 12.16c tσ = − +  and 2 1R =  for 24t <          (14a) 

0.006 12.97c tσ = − +  and 2 0.919R =  for 24t <        (14b) 

○ for resistance of bending σf (in MPa): 

0.036 7.25f tσ = − +  and 2 1R =  for 24t <           (15a) 

20.00005 0.003 7.971f t tσ = − + +  and 2 0.884R =  for 24t <     (15b) 

○ for resistance of crazing σd (in MPa): 

0.043 4.218d tσ = +  and 2 1R =  for t < 24          (16a) 

2 0.989R =  and 2 0.989R =  for 24t <             (16b) 

○ for resistance of clipping (τd in MPa) 

0.021 2.109d tτ = +  and 2 1R =  for 24t <           (17a) 

20.06 0.000 2.621d t hτ = − + +  and 2 0.989R =  for 24t <     (17b) 

From these equations R2 is defined as previously. 

4. Discussion 

The mortar is very watertight by a dosage of 22% [3]. So, hydrocarbon hardly 
goes through it; its relative density is therefore null during the first three hours. 
After this period hydrocarbon breaks up the binder of plastic bags acting as a 
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solvent [15]. For a time of weak immersion, (lower than 24 hours) mortar ab-
sorbs hydrocarbon whose quantity corresponds to the one required for a suffi-
cient viscosity of binder, generating a good adhesion to aggregates. This pheno-
menon explains the increase in mechanical resistances (compression, bending, 
crazing and clipping) of samples. 

For important periods of immersion in hydrocarbon, mortars absorb more 
fuel; this is what explains the high density. However, as soon as they come out of 
hydrocarbon, they lose suddenly the absorbed fuel (less than 24 hours) and their 
relative density becomes negative by around 144 hours, corresponding to a den-
sity lower than the initial value. This negative density shows that the hydrocar-
bon acted as a thinner in relation to the binder of plastic bags by breaking it up 
into molecules and by coming in between them. This caused a weakening of 
links of binder-aggregates. The new binder composed of binder of plastic bags and 
fuel “super lead-free” could evaporate, leading to a fall corresponding to a relative 
and negative density (r) of mortars so far as the samples have come out of hydro-
carbon. The longer samples remained in hydrocarbon, the more this binder loses 
its cohesiveness and adhesiveness, the more evident is the phenomenon of separa-
tions of molecules and the separation of the binder from aggregates; so, the mor-
tars lose their mechanical characteristics. This phenomenon justifies the increa-
singly weak resistances of mortars (loss of resistance from 8% to 24%) when they 
remain longer in hydrocarbon, for adhesiveness is inexistent between the binder 
and the aggregates. 

5. Conclusion 

The aim of the study was to help with the valorization of plastic bags “out of use” 
through the study of the behavior of the mortars gained from the mixing of sili-
ceous sand of Togo and binder of plastic bags of the kind “voltic” with regard to 
hydrocarbons. Results have showed that hydrocarbons have no influence on the 
mechanical properties of mortars for length of time of immersion shorter than 3 
hours. Between 3 hours and 24 hours of immersion, hydrocarbons contribute to 
the rise in the mechanical and physical characteristics of mortars. After a period 
of 24 hours, mortars generally lose their mechanical properties. The behavior 
toward hydrocarbons shows that the material can be used for the surface of 
roads. Nevertheless, work needs to be done to reduce the negative effect of the 
long-term (over 24 hours) stay of hydrocarbons on roadways.  
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