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Abstract

Several studies have shown the potential of upgrading sediments in the civil engineering field. However,
the complexity of sediments represents a scientific challenge in terms of their management. This study
presents the river sediments recovery in a thermosetting matrix. The characterization results epoxy
mortars show the feasibility of incorporating dredged sediments up to 50% substitution rate of natural
sand. Moreover, according to the physic, mechanical, thermal and chemical evaluations of the
thermosetting matrices, it appears that the performances depend on the factors of the rate of resin and the
rate of sediments used. Indeed, the difference between the performances of resin mortars containing
sediments and mortars without sediments is reduced by a resin content equal to 18%. In comparison with
cementitious matrix mortars, the performances of polymeric mortars are well above. Finally, the SEM
observations of different formulations made it possible to explain the results observed at the macroscopic

scale.
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I. Introduction

In France the river sediments extract represents 6 million m? per year [1]. This accumulation gradually reduces the
depth of rivers and becomes a constraint for river transport. The river network of Nord-Pas-de-Calais suffers from
significant sedimentation, due to the low flows and slopes that characterize its hydrographic network. This
phenomenon is fueled by significant inputs suspended matter from urban storm water runoff, erosion of agricultural
soils, industrial activities and sanitation networks. Fluvial dredging sediments is mainly composed by fine particles
and have a specific physical and chemical characteristics compared with natural aggregates like contaminant: heavy
metals (Hg, As, Cr, TI, Pb, etc.) and organic pollutant (PCB, PAH, etc.) [2,3]. These characteristics imposes a risk of
transfer of these to the ecosystem, the organic matter which affects the physical and mechanical properties [4] and by

the fact that it [5]. For this Fluvial sediments are considered as waste in accordance with national legislation.

A number of research studies have been carried out in order to reuse sediment as secondary raw materials, like as in
sub base materials for road construction [6,7,8], in cement matrices [9,10,11], in lightweight aggregates formulation
[12,13]. However, they have shown that the use of sediments in cementitious matrices influences the characteristics
of fresh concrete (rheology, setting time) [14,2,15] and hardened concrete (strength and durability) [16,17].
Furthermore, recently research [43] was demonstrate the feasibility of used marine and fluvial sediments to make

polyester matrix mortars.

The polymer mortar is a composite material comprises a polymeric binder and a hardener and natural mineral
aggregates as filler in polymeric materials, such as River Sand [28], standardized siliceous sand [33], crushed basalt
[34]. The polymer mortar was developed for the first time in the 50's [18], then became well known in the 70's [19].
Today it is shown that polymer matrix materials have the following advantages: high strength properties [22], fast
curing time [23], good chemical resistance [24,25] and corrosion ease of manufacture, and it has a long service life
and low permeability. Polymer mortars have been used in several civil engineering applications, mainly used for
flooring and repairing cracks in damaged concrete structures, pavements, sewage pipes, hazardous waste containers,
several prefabricated products such as acid tanks [20,21]. The performance of polymeric mortars depends on several
factors, such as resin content [26,27], the quantity and size of the aggregates [28,29], the nature and the shape of the
aggregates [30,69], the bonding between the particle and matrix [31]. Several studies have demonstrated the
feasibility of using have used waste such as recycled glass [35], foundry sand [32], fly ash [36,21,37], red mud [38],
waste polyethylene terephthalate (PET) [39,40], marble powder waste [41], wood flour [42] and rubber particles
[69]. Also, Wang et al. [69] have demonstrated that the added rubber particles can improve the mechanical

performance of the epoxy concrete materials, especially on compressive strength and splitting tensile strength.

Our research study carried out the feasibility of reusing sediments as aggregates in a thermosetting polymer matrix.
The mechanical strengths of a polymer mortar mainly depend on the intragranular porosity. The formulations of resin
mortar were optimized using the Packing Density Model. The purpose of this model is to optimize the granular

skeleton to reduce intragranular porosity. Once the granular skeleton was optimized, the resin was added to bind the
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particles and at the same time to fill the residual intragranular porosity. It is noted that the epoxy resin does not
exhibit any significant dimensional change in hardening. Therefore, this optimization method makes it possible to

have a better mixture in the hardened state.

II. Materials and characterization
I1.1. Resin

The binder used is composed by a solvent-free and transparent epoxy-based castable resin. The hardener was
selected with a reaction rate of between 40 minutes and 50 minutes. The epoxy resin can be mixed with different
fillers and will allow, according to the proportion of resin, to obtain mortars. Table 1 presents the characteristics of

the epoxy resin.

I1.2. Characterization of aggregates

The sediment used in this study was provided by the waterways authority of France (Voie Navigable de France). It
was dredged from the Neufossé channel during the maintenance work done in 2017 (framed area in red on the Figl).
The sand used is standardized sand (ISO 679 standardized sand) is natural siliceous sand, especially in the finest
fractions. It's clean the grains are of generally isometric and rounded shape. The sediment and sand density was
measured using a Micrometrics Accupycs 1330 helium pycnometer model. This test was performed in accordance
with standard NF EN 1097-7: (2008). The specific surface area of sediment was also measured in accordance with
standard NF EN ISO 18757: (2003), using a Micromeritics Autopore IV 9505 instrument. The evaluation of organic
matter content was carried out by the loss on ignition test according to the standard XP P94-0447: (1998) which
consist on the calcination at 450 ° C for 3h. The loss of mass is measured and related to the initial dry mass. The
methylene blue absorption test (VBS) for the evaluation of the sediment was also carried out in accordance with
standard NF P 94 - 068: (1998). Table 2 presents the physical characterization of the sediments. Determination of the
particle size is performed with an LS 13320 laser apparatus. The particle size distribution of the aggregates is shown

in the figure (Fig 2).

The mineralogical characterization of sediment and sand is carried out essentially by X-ray diffraction analysis
(XRD). The analysis is carried out using a device of the Siemens D5000 type and consists of a measurement of the
intensity and the diffraction angles pertaining to the internal atomic structuring. This is completed by an X-ray
fluorescence (FX) analysis to determine quantitatively the chemical elements involved. The results indicate that the
sediment composition consists mainly of quartz (SiO,) with a low presence of calcite (CaCOs3). We also note the
presence of minor mineral phases such as albite (NaAlSi3Os), orthoclase (KAISi3Os) and muscovite (KAl (AlSizO10)
(OHF),). According to the semi-quantification carried out by X Ray diffraction, the majority clays of the sediment
are muscovite and illite-illite interstratified. Chlorite and kaolinite are also observed in smaller proportions. Quartz
and calcite are the major non-clays composing the sediment. Different families of feldspars are also present in
smaller quantities as well as dolomite in the form of traces. The XRD analysis highlighting the crystallized phases
thus proves that this sand consists exclusively of crystallized silica (Quartz) Which corresponds to the very nature of

the sand.
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The results (Table 3) show that the sediment mainly contains oxygen (O), silicon (Si) and calcium (Ca). Iron (Fe)
and aluminum (Al) are present in significant amounts. Several elements are observed at levels close to 1%, this is the
case of magnesium (Mg) and potassium (K). Finally, it should be noted the presence of very low levels of sodium

(Na), phosphorus (P), and sulfur (S), titanium (Ti) and chlorine (Cl) in the form of traces.

The leaching tests were carried out in accordance with the European standard EN 12457-2: (2002). The principle of
the test consists in exposing the crushed material to a leachate during 24 hours, and then analyzes the obtained eluate.
This test was realized on the fraction of sediment with a particle size less than or equal to 4 mm and was performed
in triplicate. A test portion corresponding to 90 g (£ 5 g) of dry mass is placed in a one-liter flask. The material of the
flask is chosen so as to limit as much as possible the interactions with the waste tested and as a function of the
substances assayed during the analysis of the eluate (in our case, it is high density polyethylene). The lixiviate used is
ultra-pure water. The amount of leachate to be added is determined so that the liquid / solid ratio (L. / S in L / kg of
dry matter) is 10 (x 2%). The flask is then shaken with a rotary shaker at 10 rpm for 24 hours (+ 30 min). At the end
of the test, the separation of the eluate from the solid is done in 2 steps. First, the mixture is allowed to settle (for 15
minutes + 5 min) and then the eluate is filtered through a 0.45 pm cellulose acetate membrane. A centrifugation step
can be added in case of problems. For each eluate, the pH, the conductivity and the temperature are systematically
measured. The results of leaching test (Table 5) show that the release in metallic trace elements is respected for all
the values of the inert waste thresholds. But against, the sediment is considered as non-inert and non-hazardous
waste, according to the decree of 12 December 2014, because the quantity of fluoride released is twice of limit value
of threshold. For standardized sand, the results of the batch leaching test (NF EN 12457-2) show that the
concentrations of metallic trace elements, anion and soluble fraction are well below the Inert material thresholds
(Table 4). Only barium and vanadium could be quantified and it should be noted that the released barium

concentration is well below the inert thresholds.

I1.3. Mortar manufacturing

As previously indicated, the purpose of using the packing density model is to combine different granular fraction to
minimize the intragranular porosity in the mix [43]. This method is presented in the following.

11.3.1. Optimization of the Packing density of mixture

The Packing Density Model (PDM) makes it possible to forecast the real packing density of a mixture noted ¢
present with different classes from the knowledge of the energy to be used, the packing density of each component
and the particle size of each component. This model is based on two physical concepts:

The virtual packing density of the mixture Y: it is the maximum packing density that can reach a granular stack, if all
the grains were stored optimally. In reality, the experimental packing density is inferior to the virtual packing
density.

Clamping index (K): is a representative quantity of clamping intensity. The index is infinite so the actual mixing
packing density is equal to the virtual packing density.

Once the interactions are known, the dominant class is determined. The virtual packing density of a mixture of n

classes is expressed by the formula:
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yi Equation 1
vi: virtual packing density when class i is dominant,

n: number of classes in the mixture,

Pi: residual packing density of class i,

Bj: residual packing density of class j,

yj: volume proportion of class j in the mixture with:

i= Vi

- Equation 2
=1Vj

aij: loosening effect exerted by a grain j in a stack of coarse grains i,

bij: wall effect exerted by a large grain i in a stack of fine grains j.

Calculations of the packing density of the sediment are made by precisely fixing the amount of water demand in the
mixtures. Measurements were made for each formulation using a Vicat device following the standard procedure
specified in the standard NF EN 196-3. Depending on the water demand, the amount of added water needs to allow a
needle penetration depth of 6 mm. This amount of water allows a state of normal consistency of the dough, which
corresponds to the maximum filling density of the material. The relationship between the maximum packing density

and the water demand of a material is given by [44]

1000

— Equation 3
1000+Mv.:44—: q

Where My is the density of the powder (kg/m?*)_and Me and Mp are the masses of water and powder respectively
(kg).

Furthermore, understanding the behaviour of a mixture requires the knowledge of its packing density. Indeed, there
is a direct relationship between packing density and porosity. The latter significantly affects the mechanical
properties, durability, and water absorption. The relationship between the maximum packing density and the porosity
of a material is given by:

n=1-C Equation 4

Where n is the porosity and C is the packing density of the mix.

Measurement of the packing density of sand is made with the shaking table, the test consists of placing a sample of
sand in a mould under the constraint of a piston, and to apply to all the mechanical shake causing rearrangement of
the grains, and thus compaction of the sample, the measurement is then that of the apparent density of the sample,
which makes it possible to calculate the packing density. The packing density is calculated according to the
following formula [45]

C = pa/prd Equation 5

With

prd (g/cm?) = real density in the sense of the standard NF EN 1097-6

pa (g/cm®) = Apparent density of the material.
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Fig 3 shows the variation of the packing density of the mixtures as a function of the percentage of the sediment. It is
found that the optimal packing density is 0.7885 which correspond of percentage of 20% of the sediment and 80% of
the sand. From this curve (Fig. 3) two mixtures were selected for the rest of the study. The first one constitutes 30%
sediment and 70% sand, and has a packing density of 0.7805, which is very close to the max value. It was noted
PMxSed30. the second one constitutes 50% sand and 50% sediment, and has a packing density of 0.7443. it was
noted PMxSed50. For both mixtures the amount of the binder is varied between 12% and 25%. It is found that for the
mixture of PMxSed30 the porosity is 21.95% and for the mixture PMxSed50 is 25.57%. Table 5 shows PMxSed30
and PMxSed50 formulations tested. The constituents are stored according to the manufacturer's instructions or the
rules of art. the sand was dried at 105 ° C for 24 hours and the sediment at 60 °C for more than 72 hours to reduce
the moisture content. After drying the sediment, it was necessary to crush it and sift it in 2 mm sieve. The resin was
stored in a temperature-controlled room. The base product was mixed with the hardener in a first bucket for 3
minutes until a uniform mixture was obtained. In a second bucket, the charges based on sand and sediment were
mixed. The binder was inverted into a second container and knead again for 6 minutes. Than the mineral charges
were added to the binder in 2 parts. Finally, the molds are filled in two layers, and each layer is compacted using the
impact table (60 shots). The polymer concrete samples were demolded after 24 h and cured in air at 25 ° C and 48%

RH.

I1.4. Experimental tests
11.4.1. The apparent density

It is defined as the density of one cubic meter of the material comprising the voids of the particles as well as those
between particles. The apparent density of a granular material depends on its degree of compaction. It is expressed

by the following relation p= My/V,where V is the total volume and M;its dry mass.

I11.4.2. Mechanical tests

To evaluate the strength of the polymer mortar, unconfined compression (UCS) and three-point bending tests were
performed on 40 x 40 x 160 mm samples, according to the requirements of standard NF EN 196-1. Polymer mortar
were conserved at a temperature of 20°C+ 2 °C and relative humidity maintained at 50% at least. The compression
tests were carried out with a load increase of 2400 N/s + 200 N/s. The three-point bending tests were performed with
a speed loading of 50 N/s + 10 N /s. Otherwise the dynamic modulus of elasticity has also been measured by Grindo-
sonic frequency analyzer on 40 x 40 x 160 mm specimens.

11.4.3. Porosity

Porosity by mercury intrusion was measured using mercury porosimetry. This technique provides rapid access to
pore distribution with good accuracy in the range of 3 nm to 360 um and the mercury pressure range is 30000 psi

(206 MPa).

11.5.4. The absorption of water
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The absorption of water is followed over time by simple gravimetric measurement. The formula for calculating the
mass gain is:
ain mass (%) = w * 100
7 VTTTMO
Where M(t) is the mass of the MBR after immersion for a time "t" and M (0) the initial mass of the specimen in the

dry state.
11.5.5. Linear thermal expansion

The experimental tests were carried out in accordance with standard NF EN ISO 10545-8 on three test pieces of each
formulation. The samples were dried at a constant temperature (110 £ 5 ° C) to constant mass and then introduced

into a desiccator to cool to room temperature.
11.5.6. The thermal shock resistance test

Was carried out on three samples (80 mm x 40 mm x 40 mm) of each formulation. The specimen subjected to 10
cycles during which the temperature varies between 15 ° C and 145 ° C. according to EN ISO 10545-9. The visible

defects on the specimens were identified by examining them with the naked eye.
11.5.7. The chemical resistance
Test was carried out in accordance with EN 10545-13. The following solutions were used:

* 3% hydrochloric acid solution (volumetric percentage).
*  18% hydrochloric acid solution (volumetric percentage).
*  Potassium hydroxide (KOH) solution, 30 g /1.

*  Potassium hydroxide (KOH) solution, 100 g /1.

The test specimens were immersed in the citric acid solution and kept in the laboratory for 24 hours according to the
standard. For the hydrochloric acid and potassium hydroxide resistance test, the specimens were immersed for 96

hours.

II1. Results and discussion

II1.1. The apparent density

The figure (4 a) shows the evolution of Polymer mortars PMx density for the curing time of 7, 14 and 28 days. We
note that the density was range between 1689.23 kg / m3 and 1891.12 kg / m3. The increase in the density observed
during the curing time for the polymer mortar (PMx) can be attributed to the increase of the crosslinking density of
the epoxy polymer binder, which already related in a previous study on the micro epoxy concrete polymer [46]. At

28 days of curing, it is noted that the density of the polymer mortar increased by 1.28% for the mass fraction of the
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binder range from 12% to 14% and then decreases by 2.38%, 3.68%, 1.01%, 2.33% and 0.63% respectively when the
mass fraction of the binder increases between 14% and 25%. There is an optimum of resin quantity (14%) which
makes it possible to have a maximum density of PMx mortars. This can be explained by the fact of increasing the
mass fraction of the resin (density equal to 1100 kg/m?) implies a decrease in the granular mass fraction (density
equal to 2600 kg/m?), causing a decrease in the density of the mixture. The graph (4-b) and (4-c) shows the evolution
of polymer mortars density PMxSed30 and PMxSed50 for 7 days, 14 days, and 28 days. At 28 days curing time, the
density of all mixtures incorporating sediment was range between 1500 kg/m?® and 2000 kg/m?. It is noted that the
density decreases in day 14 except for the PM16Sed30 and PM20Sed30 formulations. It is noted that the density
decreases in day 14 except for the PM16Sed30 and PM20Sed30 formulations. Unlike polymer mortars without
sediments (PMXx), the density increases with the increase in the mass rate of sediments. It is observed that the density
for the formulations PM12Sed50 and PM14Sed50 is decreased to 1.45% and 3.57%, for PMxSedS0 for x equal 18
and 25 increased by 1.87% and 1.63% respectively. It is observed that the density of the polymer mortar
(PMxSed50) at 28 days bound to the mass fraction of the binder. Figure 5 shows the density of polymer mortars at
28 days. We note that the density of the PMx polymer mortar for the mass fraction is 12, 14 and 16 % are higher than
that of the polymer mortar PMxSed30 and PMxSed50. The mass fractions of the binder equals 18% and it is
observed that the density of the PMx polymer mortar is low compared to PMxSed30. It is observed that the density is
related to the amount of binder and sediment. From the 16% of the mass fraction of the binder, the density of the
polymer mortar PMx decreases, unlike the polymer mortars based on the sediment. For comparative purposes,
several study [33,39,41,47], where they optimized the polymer mortar or concrete, showed that the incorporation of
fillers (marble powder, cork granules, sand) increased the density of polymer concrete until some mass fractions of

the binder which causes a drop in the latter.
II1.2. Compressive test

Figure (Fig 6-a) shows the evolution of the compressive strength of the PMx formulation for 7 days, 14 days and 28
days. All the test results were calculated by the average of three measurements for each type of samples. It’s notes
that the compressive strength increases for all mass fractions of resin as a function of time. It is observed that
between 7 days and 28 days will not have much difference in compressive strength. Several studies [48,49,50] shown
that the compressive strength of the polymer concrete becomes almost constant and that it reaches three-thirds of its
maximum compressive strength in the first days of curing. It is observed that compressive strength increases when
the content of the binder increases between 12 and 18 %. Hereafter 18% of binder content the compressive strength
decreases gradually. This can be explained by fact that appearance of saturated zone with epoxy binder, which
decreases intragranular interaction and deteriorate consequently the mechanical properties of the mortar PMx. The
Fig 6-b shows the evolution of the compressive strength of the PMxSed30 formulation for different percentages of
mass fraction for 7 days, 14 days and 28 days. It is noted that compressive strength increases over time for all
PMxSed30 formulations except for the PM18Sed30 formulation. It notes that the compressive strength of the
polymer mortar PMxSed30 increases as the amount of resin content increases. It is observed that the compressive

strength is almost stable for 28 days. Note that the compressive strength between the mortar PM16Sed30 and
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PM18Sed30 increases by 118%. This can be mainly due to the reduction of the internal porosity of the polymer
mortars. In fact, it is noted that the porosity decreases from 15% to about 5% between the mortars PM16Sed30 and
PM18SED?30, respectively. Fig. 7 shows the compressive strength of the mortars PMx, PMxSed30 and PMxSed50 in
28 days, we take note that:

* The compression strength of masse fractions equal to 12; 14; 16; 18; 20 and 25 of the PMxSed30
formulation is small compared to the mortar PMx of the same mass fraction with a percentage difference of
74.59%, 75.89%, 67.11%, 33.86%, 20.14% and 3.32%, respectively.

* The compression strength of masse fractions equal to 12, 14, 16, 18, 20 and 25 of the PMxSed50
formulation is small compared to the mortar PMx of the same mass fraction with a percentage difference of
89.9%, 92.2%, 84.65%, 74.53%, 42.51% and 11.51%, respectively.

* The compression strength of masse fractions equal to 12; 14; 16; 18; 20 and 25 of the PMxSed50
formulation is lower compared to the mortar PMxSed30 of the same mass fraction with a percentage

difference of 52.03%, 67.68%, 53.33%, 61.49%, 28.02% and 8.47%, respectively.

These differences can be expressed by several factors by the lack of the amount of binder required to coat the
aggregates and fill the voids between the aggregates. The increase in the binder content allows a better coating of the
aggregates and leads to completely filling the gaps between the aggregates. Several previous study [51,36,52,53]
confirm these observations. indeed, it is observed that the compressive strength decreases when the amount of the
sediment increases, and the amount of fines affects the mechanical properties from the amount added to the matrix.
Another explanation for this decrease can be due to a high capacity to absorb water. In fact, during the mixing with
the resin, sediments absorbed a certain quantity of the resin. Several studies have shown the influence of
granulometry on the properties of the polymer mortar also as reported in the literature [54]. The granular mixture in
the mortar affects the compressive strength. The granular mixture must be mixed in a manner and a minimum void
content and maximum bulk density [55]. The smaller particles have a larger area. Therefore, the specific area of the
sediment is larger compared to the sand implies a higher dosage of resin. in the literature [56,57,58] has shown the
effect of the specific surface area on the amount of resin and on the compressive strength. This difference in
compressive strength between mortars can be explained by the difference in the type of aggregates. Indeed, Fu et al.
[53] has shown that the type of aggregates affect compressive strength. The bond between the charge and the matrix
and the amount of charges in the matrix are two important factors that also affect the mechanical properties [53]. For
well-matrix-bound fillers, the stress applied to the mortar can be efficiently transferred to the particles from to the

matrix.

I11.3. Flexural strength

The figure (8-a, b and c¢) shows the flexural strength of the mortar PMx, PMxSed30 and PMxSed50 formulation of
different resin mass fractions for 7 days, 14 days and 28 days. For the PMx formulations, it is observed that the
resistance increases with time for all the mass fractions. It should be noted that flexural strength increases with the

increasing resin content. By 25% of the mass fraction of the resin, the flexural strength decreased slightly. The
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flexural strength of the PMx mortar increased by 54.11% as the mass fraction of the binder increased from 12% to
14%. From the mass fraction, 14% the flexural strength between 20.59 MPa and 25.89 MPa. At 28 days, the flexural
strength of 4.8 MPa to 7.96 MPa was observed for the PM12Sed30, PM14Sed30 and PM16Sed30 mortars. For
mortars PM18Sed30 and PM20Sed30, the flexural strength is between 16.89 MPa and 18.03 MPa. For mortar
PM25Sed30 is 26.03 MPa. Otherwise, at 28 days, the flexural strength of PM12Sed50, PM14Sed50, PM16Sed50,
PM18Sed50, PM20Sed50 and PM25Sed50 equals 1.71 MPa, 4.65 MPa, 4.93 MPa, 8.91 MPa, 11.94 MPa and 20.05
MPa respectively. It is observed that for all formulations (PMx, PMxSed30 and PMxSed50) the flexural strength is
related to the resin content. Figure 9 shows the flexural strength of the formulations: PMx; PMxSed30 and
PMxSed50 in twenty-eight days. it is found that the flexural strength of PMx is greater than that of PMxSed30 and
PMxSed50 formulations for a mass fraction equal to: 12; 14; 16; 18 and 20%.

It follows from the foregoing it is noted that:

*  The flexural strength of mass fraction equal to 12; 14; 16; 18; 20 and 25% of the PMxSed30 formulations
decreased by 64.07; 67.45; 66.12; 28.97 and 30.35% compared to the PMx formulation respectively.

*  The flexural strength of mass fraction equal to 12; 14; 16; 18; 20 and 25%of the PMxSed50 formulation
decreased by 87.20; 76.05; 62.53; 28.97, 53.88 and 20.75% compared to the PMx formulation respectively.

*  The flexural strength of the mass fraction equal to 12; 14; 16; 18; 20% and 25 of the PMxSed50 formulation
decreases by 53.88; 26.41; 41.58; 47.24; 33.77 and 22.97% compared to the PMxSed30 formulation

respectively.

Several factors affect flexural strength, such as the amount of resin, the nature and amount of the filler and the
particle size of the filler. In a research article [58], they arrived at the same results. The flexural strength of the
polymer mortars PMx and PMxSed30, PMxSed50 can be related to the mass percentage of the resin by a linear

relationship of positive slope with a correlation of 0.76 and 0.92, 0.92 respectively.
I11.4. Modules of elasticity

The figure 10 shows the modulus of elasticity of the mortars PMx, PMxSed30 and PMxSed50as a function of the
mass fractions. The modulus of elasticity of the PMx mortar decreased by 10.05% for mass fraction between the
ranges of 16% to 25% there is an increase of 29.49% for mass fraction between 12% and 18%. It is observed that the
modulus of elasticity of the PMxSed50 formulation is increased from 1.45 GPa to 11.9 GPa when the mass fraction
increases from 12% to 25%. For the equal mass fraction 20, the modulus of elasticity of the mortar PMxSed30
slightly exceeds the modulus of elasticity of the PMx mortar. The modulus of elasticity of the mortar polymer
PMxSed30 is higher than that of the modulus of elasticity of the mortar PMxSedS50, the difference percentages is
64.63; 34.21; 60.52; 48.54; 32.86 and 6.66 for the equal weight fraction 12; 14; 16; 18; 20 and 25% respectively.

It is observed that the modulus of elasticity is related to the mass fraction of the resin, the modulus of elasticity can
be related to the mass fraction of the binder with a linear function of the positive slope with a strong correlation of

0.79 and 0,97 for PMxSed30 and PMxSed50 formulations respectively. For the PMx formulation have a low



337
338
339
340
341
342
343
344
345

346

347
348
349
350
351
352
353
354
355
356
357

358
359
360
361
362
363
364
365
366
367

368
369
370

correlation of 0.10. It is concluded that the modulus of elasticity of the polymer mortar PMxSed30 and PMxSed50
increases when the quantity of the resin increases unlike the mortar PM it reaches the optimum value (the mass
fraction equal to 16%). The amount of sediment increases the modulus of elasticity decreases. This phenomenon can
be explained by the particle size of the sediment that affects the charge distribution in the matrix. The nature of the
sediment being different from that of sand, this difference influences the modulus of elasticity, which confirms in the
literature [59,60]. The interfacial load / matrix has an important role on the modulus of elasticity [61]. The bond of
the sand with the resin is different from the bonding of the sediment with the resin the adhesion force corresponds to
the chemical reactions between the load and the resin which this reaction depends on the elements that make up the

load.

II1.5. Porosity

The figure (11 a) shows the porosity of the mortar PMx, PMxSed30 and PMxSed50 as a function of the mass
fraction. the value of the porosity of epoxy resin without charge is equal to 3.95% this porosity can be related to the
binder preparation, during the mixing air balls were observed where it can be related to the pressure exerted by the
mercury porosimetry on the composite. Note that the porosity of the PMx mortar decreases when the mass fraction of
the resin increases from 12% to 14%, the porosity increases by 68.43% when the mass fraction increases from 14%
to 25%, the same phenomenon observed in the study [33]. This phenomenon can be explained by the study of [62],
the fact that the apparent absorption of mercury by the polymer mortar fills the void in the material produced by the
collapse or compression of the material and that the material has a restitution or elasticity and resumes its original
shape or volume. But it is observed that 100% of the resin content that the porosity lower than the porosity of the
polymer mortar, can explain this difference by the fact that the mercury pressure applied to the charges leads to

applying a force on the matrix, which implies a deformation on the opens the pores.

The PMxSed30 mortar porosity value decreased by 80.38% when the resin mass fraction ranging from 12% to 18%,
and increases of 25.67%, when the resin mass fraction range from 18% to 25%. It is noted that the value of the
porosity of the mortar PMxSed50 is increased by 10.6% between the mass fraction of 12% to 14%, after the mass
fraction of 14%, the porosity decreases with a percentage of 71, 43%. The porosity of the PMxSed30 and PMxSed50
mortars related to the mass fraction by a relationship of negative slope. With regard to the PMx mortar, the porosity
can be related to the mass fraction by a linear relationship of positive slope with a correlation equal to 0.88. The
value of the porosity of the mortar PMXx is large compared to the value of the porosity of binder; it is observed that
the percentage difference in value of the porosity between the mortar PMx and the binder increases with the increase
of the mass fraction. Contrary for the mortar PMxSed30 and PMxSed50 the value of the porosity becomes close to

the value of the porosity of binder with the increase of the mass fraction.

It is noted that over the mass fraction range of 12% to 25% the value of the porosity of the mortar PMxSed50 is
greater compared to the mortar PMxSed30. This difference can be explained by the amount of sediment increases

implies that the adhesion force between the load and the matrix is low; this weakness leads to empty spaces.
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Sediments characterizations have a role on the porosity, the percentage of water absorption of the sediment is

important which leads to the absorption of the resin by the sediment until saturation.

The figure (11-b) shows the curve of the compressive strength as a function of the porosity. Note that the
compressive strength of the mortar PMxSed30 and PMxSed50 decreases when the porosity increases which is
equivalent to a decrease in the mass fraction of the binder. But the compressive strength of the mortar PMx is not
related to the porosity so that a weak correlation of 0.07. The compressive strength of the mortar PMxSed30and
PMxSed50 can be related to the porosity by a linear relationship of negative slope with a correlation of 0.88 and

0.79, respectively.

111.6. Water absorption

Figure (12-a) illustrates the evolution of water absorption of the PMx mortar with different mass fractions of the
binder as a function of time. It should be noted that PMx water absorption decreases as the mass fraction of the
binder decreases. It should be noted that the PMx mortars are saturated from 4 hours except the PM12 mortar. Figure
(12-b) illustrates the evolution of the water absorption of the PMxSed30 mortar with different mass fractions as a
function of time. It should be noted that the water absorption of PMxSed30 decreases as the mass fraction of the
binder decreases. Mortars PM12Sed30, PM14Sed30 and PM16Sed30 saturate after 12 hours, unlike mortars
PM18Sed30, PM20Sed30 and PM25Sed30. The figure (12-c) illustrates the evolution of the water absorption of the
mortar PMxSed50 with different resin mass fractions as a function of time. It noted that the water absorption of
PMxSed30 decreases as the mass fraction of the binder decreases. PM12Sed50, PM14Sed50 and PM16Sed50
mortars saturate them from 12 hours unlike PM18Sed50, PM20Sed50 and PM25Sed50 mortars. Water absorption
increases as the percentage of sediment increases and the mass fraction of the binder decreases. In the literature [63]
they confirmed the relationship between resin quantity and water absorption. The resin covering the charges prevents
the penetration of water; when the amount of resin is insufficient to cover the entire charge the water penetrates

remains stuck in the mortar where the charges of the unsaturated sediment absorb it.

I11.7. Linear thermal expansion

The figure 13 shows the evolution of the coefficient thermal expansion of the PMx, PMxSed30 and PMxSed50

mortars as a function of the mass fractions, we observe that:

* The graph of the thermal expansion of the PMx mortar is an increasing curve, the thermal expansion
increases as the mass fraction increases. The value of the thermal expansion is increased by a percentage of
33.33%; 37.49%:; 38.7%; 18.6%; between the mass fraction of 12% to 14%; 14% to 16%; 18% to 20% and
20% to 25% respectively and a slight decrease of 6.06% between the mass fraction of 16% to 18%. The
thermal expansion curve of the PMx mortar can be connected to the mass fraction by a linear relationship of
positive slope with a correlation of 0.94.

*  The thermal expansion curve of the PMxSed30 mortar is an increasing curve as a function of the mass

fractions. It is observed that between the intervals of the mass fraction comprised between 12% to 14%;
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16% to 18%; 18% to 20% and 20% to 25%, the value of thermal expansion increases by a percentage of
36.36; 78.57; 27.99 and 21.87 respectively. For the interval between 14% and 16%, the value of the thermal
expansion reduces by 6.66%. The thermal expansion curve of the PMxSed30 mortar can be related to the
mass fraction by a linear relationship of positive slope with a correlation of 0.93

*  The thermal expansion curve of the mortar PMxSed50 is increasing as a function of the mass fraction of the
binder, it is found that the value of the thermal expansion increases by a percentage of 175; 63.63; 27.77
and 17.39% between the mass fractions of 14% to 16%; 16% to 18%; 18% to 20% and 20% to 25%
respectively. Between the mass fractions of 12% to 14% decreases by 20%. The thermal expansion curve of
the PMxSed50 mortar can be connected to the mass fraction by a linear relationship of positive slope with a

correlation of 0.91

The coefficient of thermal expansion of epoxy mortars is higher; the thermal expansion coefficient increases as the
amount of resin increases and the coefficient of thermal expansion decreases when the load increases even remarks
reported in a paper search [64]. These results can be explained by the connection between the charge and the matrix;
when the important bond the coefficient thermal expansion is high. the type and shape of the load influences the
thermal expansion coefficient we note that the thermal dilation coefficient of PMx is different from PMxSedy, in the

literature have shown that the nature of charge [65] and the shape [66].
II1.8. The thermal shock resistance

From visual examination according to the conditions of the standard on a surface treated with methyl blue, the
modifications observed are small cracks and exfoliations on PM12Sed30 and PM12Sed50 formulations; these
modifications can be explained by the low resin content which leads to a weak bond between the fillers and the
matrix; for other formulations no modification. In a paper search [31], they did not observe modifications for a

polymer mortar with a mass fraction of 30% epoxy and 70% of fillers (crushed granite).

II1.9. Chemical resistance

It was noticed that the PM12 Sed30 and PM12 Sed50 and PM14 Sed50 formulations are not resistant to the attacks
of the solutions (KoH and Hcl). Modifications have been observed on the surface of the tested samples and that the
solutions attack the load, these attacks related to the small amount of resin that covers the charges. In the researches
[68] have tested several chemical solutions on epoxy mortars. They concluded that epoxy mortars are resistant to

chemical attack.

I11.10. Leaching test of crushed samples

The table 6 shows the results of the leaching of the PMxSed30 mortar of the different mass fractions of binder. It is
noted that for PMxSed30 mortar of different mass fraction the leaching result shows that the value of the antimony
element (Sb) is exceeded the threshold. The soluble fraction value of the mortar PM18Sed30, PM20Sed30 and
PM25Sed30 exceeds the threshold. It should be noted that the values of the chemical elements of the PMxSed30
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mortar are less than or equal to the values of the raw sediment. The fluoride value of the raw sediment is exceeded
the threshold but after the incorporation of the sediment in a polymer matrix this value has decreased and the more
the mass fraction of the binder increases this value decreases. The pH of the PMxSed30 mortar is almost stable and
its value between the pH value of the sediment and the value of the sand. The soluble fraction increases with the
increase of the mass fraction of the binder. The conductivity of the PMxSed30 mortar is small compared to the raw
sediment but it is large compared to the sand. The PMxSed30 mortar of the different mass fraction of the binder is a
non-inert and non-hazardous mortar. The table 7 shows the results of the leaching of the PMxSed50 mortar of the
different mass fractions of binder. It is noted that for PMxSed30 mortar of different mass fraction the leaching result
shows that the value of the antimony element (Sb) is exceeded the threshold. The value of the soluble fraction of
PMxsed50 mortar for all mass fractions of binder exceeds the thresholds. It should be noted that PMxSed50 mortar
chemical values are less than or equal to raw sediment values. The fluoride value of the raw sediment is exceeded,
but after the incorporation of the sediment in a polymer matrix, this value has decreased except for the PM12Sed50

mortar where the amount of binder is low, the fluoride value decreases when the quantity of resin increases.

The pH of the PMxSed50 mortar is almost stable and its value between the pH value of the sediment and the value of
the sand. The soluble fraction increases with the increase of the mass fraction of the binder. The conductivity of the
PMxSed50 mortar is small compared to the raw sediment but it is large compared to the sand. The PMxSed50 mortar
of the different mass fraction of the binder is a non-inert and non-hazardous mortar. The explanation of the decrease
in the chemical values of the raw sediment after the incorporation of the sediments in a polymer matrix, the sediment
loads are covered by the binder which prevents the diffusion of the chemical elements in the solution. Mainly, the

increase of the soluble fraction is bound to the resin.

II1.11. SEM observation

Scanning electron microscopy (SEM) of hardened polymer mortar was performed and observations were made on
the different formulations to investigate the sediment effect on the interface microstructure. The scanning electron
microscope (SEM) analysis shows the good bonds between aggregates and epoxy resin. Hardened polymer mortar
observation shows a good dense and consistent structure, which is in agreement of previous study [69]. Otherwise it
can observe that the porosity in the composite is clearly influenced by the replacement of sand by sediment and the
amount of epoxy resin/sediment in the matrices. This may also be due to the chemicals elements that make up the

material in the sediments.

Iv. Conclusion and perspectives

This research paper has shown the feasibility of optimizing sediments in a polymer matrix with the packing density
model 1, this model can give approximate percentages of the constituents to obtain an optimal compactness of the

mixture; the porosity of the mixture given by the model may be the approximate amount of binder to be added.

The curing time of the polymer mortar made by sediments is identical to that of the polymer mortar made by sand.

Tests of flexural, compressive strength and modulus of elasticity have shown good results, mechanical properties are
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related to the amount of resin and the nature of sediments. From the determined mass fraction of the binder, the
results of the mechanical tests of the polymer mortar made by sediment exceed the results of the mechanical tests of
a polymer mortar made by standardized sand. The mechanical properties can be improved if the sediment is saturated
with a solution that does not react with the resin or with a surface treatment of the sediment to increase the adhesion

forces between the sediment and the matrix.

The polymer mortar made by sediment has good physical properties. Mercury porosity and water absorption are
related to the amount of resin and the amount of sediment. There is a linear relationship between compressive
strength and porosity for polymer mortar made with sediment unlike mortar made with sand. The water absorption of
the polymer mortar made by sand is low compared to the polymer mortar made by sediment, this difference related

to the high water content of the sediment.

The polymer mortar made by sediment showed good thermal properties when compared to the polymer mortar made
by sand, the incorporation of the sediment in a polymer matrix has influenced the thermal properties. The polymer
mortar made by sediment has shown good durability to chemical attack and thermal shock, the durability of the
polymer mortar manufactured by sediment is related to the nature and quantity of the load and the amount of binder.
The leaching test has shown that the epoxy resin has an important role of covering the load, this cover limits the

diffusion of the chemical elements.
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Table 1. Characteristics of the used epoxy resin

Proportions of the mixture

Mix ratio resin to hardener => 2:1

Density

1.1g/cm?

Hardness Shore D

70-175

Hardness of the core

70 - 75 N/ mm? at 14 days

Heat resistance

+40°Cto+45°C

Operating temperature

+10°Cto+30°C

Viscosity

1000 - 1200 mPa.s

Table 2. Characterization of the river sediments

Characteristics Standards Sediment Normal sand
density (Kg/m3) NF EN 1097-7 2610 2650
Methylene blue value NF P 94-068 0.53 0.50

(g/100 g of dry matter)

Organic matter content XP P94-047 4.2 0.1

(%) at 450° C

BET Surface (m%/g) NF EN ISO18757 11.0079 -

Table 3. Elemental composition in X-ray fluorescence of the sediment

Elements O | Na|Mg| Al Si P S Cl K| Ca | Ti | Fe
(%)
Content 485104 (09 677|248 (05|04 | Traces | 1,8 | 11,8 | 0,5 | 3,6
Table 4. the results of leaching of sediment and sand
Parameters Sediment Sand ISDI threshold tlli?sﬁ(g q
As 0,1 <0,1 0,5 2
Ba 3 0,03 20 100
Cd 0,01 <0,01 0,04 1
Co - <0,01 - -
Cr 0,02 <0,01 0,5 10
Cu 0,6 <0,02 2 50
Hg - < 0,05 0,01 0,2
Mo 0,1 <0,1 0,5 10
Ni 0,1 <0,04 0,4 10
Pb 0,1 <0,02 0,5 10
Sb 0,11 <0,05 0,06 0,7
Se 0,07 <0,11 0,1 0,5
Sn - <0,06 - -
v - 0,03 - -
Zn 1 <0,03 4 50
chlorides 36 <10 800 15000
fluorides 20 <5 10 150
sulfates 270 <10 1000 20000




soluble fraction 2837 358 4000 60000
pH 8,09 8,98 - > 6
Conductivity (uS/cm) 264 27,75 - -
Table 5. Polymer mortar formulations

Formulation Epoxy resin (kg) | Sand (kg) | Sediment (kg) Resin content in the mix. (%)

PM12 0.42 3.5 0 12

PM14 0.49 3.5 0 14

PM16 0.561 3.5 0 16

PMI18 0.63 35 0 18

PM20 0.7 3.5 0 20

PM25 0.875 3.5 0 25
PM12Sed30 0.42 2.45 1.05 12
PM14Sed30 0.49 2.45 1.05 14
PM16Sed30 0.561 2.45 1.05 16
PM18Sed30 0.63 2.45 1.05 18
PM20Sed30 0.7 2.45 1.05 20
PM25Sed30 0.875 2.45 1.05 25
PM12Sed50 0.42 1.75 1.75 12
PM14Sed50 0.49 1.75 1.75 14
PM16Sed50 0.561 1.75 1.75 16
PM18Sed50 0.63 1.75 1.75 18
PM20Sed50 0.7 1.75 1.75 20
PM25Sed50 0.875 1.75 1.75 25

PMx: Polymer mortar with x the polymer content in (%) given by the total weight of the loads

PMxSedy: Polymer mortar with:

* X the polymer content in (%) given by the total weight of the loads.

* Y the sediment content in (%) given by the total weight of the loads.




Table 6. Results of leaching tests of mixtures PMxSed30

Parameters Sediment Sand PM12 PM14 PM16 PM18 PM20 PM25 ISDI ISDND
Sed30 Sed30 Sed30 Sed30 Sed30 Sed30 threshold | threshold

As 0,1 <0,1 0,11 <0,09 0,12 0,11 0,12 0,15 0,5 2

Ba 3 0,03 < 0,007 0,01 0,01 0,03 0,02 0,02 20 100

Cd 0,01 <0,01 <0,02 <0,02 - <0,02 <0,02 <0,02 0,04 1

Co - <0,01 0,14 0,12 0,11 0,16 0,26 0,17 - -

Cr 0,02 <0,01 < 0,004 < 0,004 - < 0,004 < 0,004 < 0,004 0,5 10

Cu 0,6 <0,02 < 0,007 0,07 - < 0,007 < 0,007 < 0,007 2 50

Mo 0,1 <0,1 < 0,04 <0,04 - <0,04 <0,04 <0,04 0,5 10

Ni 0,1 <0,04 < 0,03 <0,03 - <0,03 <0,03 <0,03 0,4 10

Pb 0,1 <0,02 <0,09 <0,09 - <0,09 <0,09 <0,09 0,5 10

Sb 0,11 <0,05 <0,2 <02 - <0,2 <0,2 <02 0,06 0,7

Se 0,07 <0,11 <0,1 <0,1 - <0,1 <0,1 <0,1 0,1 0,5

Sn - < 0,06 < 0,09 < 0,09 - < 0,09 < 0,09 < 0,09 - -

\% - 0,03 0,08 0,07 0,08 0,08 0,09 0,09 - -

Zn 1 <0,03 <0,01 <0,01 - <0,01 <0,01 <0,01 4 50

chlorides 36 <10 <10 12,5 15 30,5 36,5 24 800 15000

fluorides 20 <5 7,25 5,7 4,05 4,15 4,3 4,55 10 150

sulfates 270 <10 83,5 74,5 112,5 140 149,5 130,5 1000 20000

soluble fraction 2837 358 2103 3267 2614 4813 4338 4647 4000 60000

pH 8,09 8,98 8,48 8,65 8,83 8,76 8,77 8,71 - >6

Conductivity 264 27,75 114,40 104,50 114,45 134,80 137,15 133,80 - -

(uS/cm)




Table 7. Results of leaching tests of mixtures PMxSed50

Parameters Sedime | . | PMI2Seds | PMI4Seds | PMI6Seds | PMISSeds | PM20Seds | PM25Seds | oor | DOND
nt 0 0 0 0 0 0 0 0

As 0.1 <01 | 019 0.14 0.13 0.16 0.13 0.16 0.5 2

Ba 3 003 | 003 <0,007 0,01 <0,007 0,02 0.03 20 100

cd 0,01 oo | <002 <002 <002 <002 <002 <002 0.04 1

Co - 0 1 o8 0.08 0.03 0.11 0.12 0.13 - -

Cr 0,02 S | <0004 <0,004 <0,004 <0,004 <0,004 <0,004 0.5 10

Cu 0.6 ooz | 014 <0,007 <0,007 0.03 0,02 0,02 2 50

Mo 0.1 <01 | <004 <004 <004 <004 <004 <004 0.5 10

Ni 0.1 Sou | <003 <003 <003 <003 <003 <003 04 10

Pb 0.1 o2 | <009 <0,09 <0,09 <0,09 <0,09 <0,09 0.5 10

Sb 0,11 Sos | <02 <02 <02 <02 <02 <02 0,06 0.7

Se 0,07 o | <01 <01 0.07 0.08 0,09 0.13 0.1 0.5

Sn ; o06 | <009 <0,09 <0,09 <0,09 <0,09 <0,09 - -

v - 003 | 013 0.11 0,08 0,09 0.09 0.1 ; -

Zn 1 003 | 003 <001 <0,01 <001 <0,01 <001 4 50

chlorides 36 <10 | 175 13 105 11,50 12 23,5 800 15000

fluorides 20 <5 |11 10 6 6.5 5.7 49 10 150

sulfates 270 <10 | 1655 1415 163 175 180,5 191 1000 20000

soluble fraction 2837 358 | 3367 2857 3737 5656 2594 1362 4000 60000

pH 8,09 898 | 8,63 8,65 851 8,58 8.62 8,67 ; 56

(CH"S‘}‘i‘;f)‘iV“y 264 27'7 152,25 143,15 133,95 141,95 144,00 155,70 ; ;
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Characterisation of polymer mortars based on
different resin epoxy ratio

Difference between characteristics physicomécanic
are reduced by when resin content is equal to 18%






