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Using maghnite as an inorganic reinforcement, polyamide-6-based nanocomposites (PA6/Mag-CTA) have been 

synthesized. Maghnite is a type of laminar clay, which is distinguished by a significantly higher SiO2/Al2O3 ratio than other 

clays in the world. It is likely that the interfacial cations of maghnite form active sites during the reaction, and thus give it a 

catalytic behaviour. This work focuses on the preparation and characterization of polyamide-6/organic clay nanocomposites. 

The effect of the nature of organo-modified clay, and the preparation method have been studied to assess their structural, 

morphological and thermal properties, as well as their mechanical properties. Diverses compositions de PA6-Mag-CTA ont 

été élaborées en intégrant 1, 3, 5 et 7% de Mag-CTA. The formation of polyamide-6 has been confirmed by X-ray 

diffraction (XRD), spectroscopy (IR), thermogravimetric analysis (TGA), scanning and transmission electron microscopy 

(TEM,SEM) , atomic force microscopy (AFM). The results obtained provide evidence of intercalation of salt molecules 

within the clay layers, as well as good interaction with the polymer, showing the presence of intercalated and exfoliated 

structures. The nanocomposites show better thermal stability compared to virgin polyamide-6, which is examined by 

thermogravimetric analysis (TGA). An evaluation of the mechanical properties of the nanocomposites is carried out as a 

function of clay loading and PA6 matrix type. The Young's modulus and yield strength are measured in order to define the 

mechanical behaviour. PA6 filled with 5% Maghnite has better mechanical performance; this is due to the dispersed state of 

the Mag-CTA in the PA6 matrix. The improvement of the efficiency of the process adequate to the retention of the 

maximum of toxic elements and the effects of the initial pH of a solution and the contact time on the adsorption efficiency 
are studied. 

Keywords: Interlayer distance, In situ polymerization, Maghnite, Matrix, Polyamide-6, Thermogravimetric analysis (TGA) 

Polymeric layered silicate nanocomposites have been 
a new class of materials for some decades. The 
properties of these materials have developed 
considerably compared to those of virgin polymers. 

They have more important characteristics than 
conventional materials due to the strong interaction 
between the material components and can be 
synthesized by a simple and inexpensive process

1-3
. 

Polymer/clay nanocomposite has been used in various 
types of consumer products such as barrier layer 

materials, beverage packaging, protective coatings, 
bottle applications and adhesive molding 
components

4-6
. Since the early 1990s, a new class of 

composites involving nanoscale lamellar clay 
particles has emerged as filler. This takes us from a 
micrometer size with traditional fillers to a nanometer 

scale with clays, hence the concept of nanocomposites 

or polymer-layered silicate nanocomposites. 
The improved properties include increased modulus, 
fire resistance and impermeability of these 
materials

7,8
. Clay mineral reinforcing materials is 

widely used in the improvement of many polymer 
properties, such as thermal properties, mechanical 
properties, gas barrier, flame retardancy, debility and 
many others

9-11
. Polyamide-6 (PA6) is an important 

type of thermoplastic nanocomposite with excellent 
solvent resistance. Polyamide-6 layered silicate 

nanocomposites have the advantage of adding 
biodegradability to traditional nanocomposite 
properties

12,13
. They can be prepared by in situ 

polymerizations by opening a ε-caprolactam 
ring using a conventional initiator to induce 
polymerization in the presence of organic clay. 

Giannelis used montmorillonite exchanged with a 



KHIATI & MRAH: POLYAMIDE-6-BASED NANOCOMPOSITES FOR REMOVAL OF HEAVY METALS 

 

 

391 

surfactant to demonstrate the dispersion of 
nanoparticles in the PA6 matrix and to evaluate its 
contribution to improving the thermal power  
and mechanical properties of the resulting 
nanocomposites

14
. Polyamide-6 (PA6) has a 

particularly fast crystallization rate, resulting in 
disadvantages such as high mould shrinkage and 
dimensional instability. However, it is important to 
control the crystallization rate and crystallinity, and 
then to achieve the desired morphology and 
properties. The aim of our work is to synthesize and 

determine the structure-property relationships of 
nanocomposites polymers based on PA6 and 
Maghnite used as reinforcing clay. Maghnite is a type 
of clay from Algeria extracted from the Maghnita 
deposit in Telemcene, one of the most important 
smectic montmorillonite clays, with an exchange 

capacity of 101 meq/100 g. The proportion of 
SiO2/Al2O3 is higher than in other clays worldwide

15-17
. 

Indeed, after chemical treatments, maghnite showed 
an interesting catalytic capacity in the polymerization 
of various monomers such as furfuryl alcohol

18
  

β-pinene
19

 and siloxanes
20

. Firstly, we look at the 

structural characteristics of three different types of 
clays: raw clay, soda treated clay and organophilic 
clay treated with cetyl trimethylammonium bromide 
or Mag-CTA. The particularity is the simple use of 
clay from our own region, which is a low-cost 
solution and has excellent properties. The result of 

this preliminary work was the selection of the best 
type of clay for the production of PA6-based 
nanocomposites. The second section deals with  
the synthesis of PA6/Mag-CTA nanocomposite, 
elaborated by in situ polymerization, where Mag-CTA 
is used both as reinforcement and a catalyst. Several 

compositions were carried out to evaluate the effects 
of Mag-CTA content in terms of dispersion quality. 
The chemical structure was determined using IR 
analysis. Morphology was studied by SEM, AFM to 
verify the homogeneity of the PA6/ Mag-CTA 
systems and the suitability of the dispersion process 

employed. In addition, XRD, TEM was used to 
determine whether the degree of exfoliation or 
intercalation of Maghnite platelets in PA6 was 
achieved. Thermal and mechanical properties were 
conducted to assess the thermal stability and 
mechanical strength of the filled components in 

comparison to the blank components. The use of 
polyamide-6/organic clay nanocomposites as an 
effective adsorbent has been widely studied under 
different adsorption parameters. 

Experimental Section 
 

Materials  

 ε-Caprolactam (grade 99%) and Cetyl 

trimethylammonium bromide (98%), were 

commercialized by Sigma-Aldrich Corporation 

Algeria and used in this work without further 

purification. The raw Maghnite was acquired from the 

Algerian Company of Bentonite (BENTAL), with no 

prior treatment. First, the maghnite was dried in a hot 

air oven at 100C for 24 h to remove the moisture 

content.  
 

Preparation process for Maghnite sodium (Mag-Na) and 

Maghnite cetyltrimethylammonium (Mag-CTA)  

After removing the coarse material through 

sedimentation, the cleaned raw Maghnite was brought 

into contact with a 1N sodium chloride solution (20 g 

of clay in 110 mL) under stirring for 6 h. We then 

recover the treated Maghnite by siphoning, bearing in 

mind that the montmorillonite crosses a distance of 

10cm every 5 h. It was then rinsed with distilled water 

in several times, covered with a sintered glass with a 

porosity equal to 5 (the maximum diameter of the 

pores is 16-40μm), then dried in an oven at 110°C, 

sprayed with a mortar and finally stored in a 

desiccators
21-23

. The process of converting Maghnite-

Na to Mag-CTA lies in the substitution of the existing 

Na
+
 ions on the surface of the montmorillonite layers 

with alkylammonium cations. The modification of 

Maghnite-Na to Mag-CTA corresponds to the 

substitution of Na
+
 ions present on the surface of the 

montmorillonite layers by alkylammonium ions.  

25 mmol of CTAB (C16H33)N(CH3)3Br,5 ml of 

hydrochloric acid and 200 mL of water at 82°C are 

poured into a beaker, 10 g of Maghnite-Na
+
 was then 

incorporated. After filtration, the Maghnite was 

washed several times with water to remove the 

sodium bromide that was formed. At the end of the 

rinsing process, the Mag-CTA was dried at 120°C, 

crushed and stored in a desiccators
24,25

.  
 

Preparation of the nanocomposites  

The PA6/ Mag-CTA nanocomposites were 

obtained by in situ polymerization of ε-caprolactam 

catalyzed by Mag-CTA. In a flask immersed in a bath 

thermostatically controlled at 120°C, different 

quantities of Mag-CTA (1,3,5 and 7%) were kept 

under vacuum before the introduction of 11.3 g of -

caprolactam, the mixture was heated to 125°C for  

30 minutes and then the temperature was raised to  

250°C for 48 h under magnetic agitation. the 
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temperature and time of the reaction have been 

optimized in order to obtain high enough molecular 

weights and yields. After cooling, the product was 

ground mechanically. The fine particles were washed 

in water at 80°C for 1 h
26

, the PA6/clay 

nanocomposites were named PA6NC1, PA6NC 3, 

PA6NC 5 and PA6NC7 according to their clay 

content (Table 1). In order to better control the 

reaction of the Nylon 6 nanocomposites, the yield of 

each component was determined. Table 1 shows the 

yields achieved with different clay contents (1, 3, 5 

and 7%) during the development of the Nylon 6/ 

Mag-CTA nanocomposites. An improvement in the 

yield of the reaction is observed when the amount of 

Maghnite-CTA is increased. The cationic nature of 

the polymerization reaction and the number of active 

initiator sites in the polymerization reaction are 

proportional to the amount of maghnite added. 
 

Characterization  

The Fourier Transform Infrared (FTIR) spectra 

were registered on an ATIMATTSON type FTIR 

Spectrometer in the range 400 to 4000 cm
-1

. The DRX 

spectra were performed using a Bruker AXS D8 

Advance diffractometer equipped with a LynxEye 

linear detector Bruker , with a Co radiation Kα1  

(λ = 1.540Å) and a scanning range 2Ɵ from 0 to  

70° and a scanning speed of 0.02°/s, at room 

temperature. The morphology of the organophilic 

maghnite specimens and that of the nanocomposites 

were evaluated by a TEM meter, Philips CM 120, 

under an accelerating voltage of 120 kV. Scanning 

electron microscope photographs of the cracked 

surface of the tensile specimens were taken using the 

JEOL JEM-5800 with an accelerating voltage of 20 

kV. A topographical study of the surfaces usually 

gives information on the growth of thin layers and 

especially oxide layers. A calibration of the near-field 

microscope "JSPM-4200" can be performed in contact 

mode or in tapping mode, depending on the standard 

called reference standard or metal grid, and thanks to 

the magneto-optical Kerr effect. It should be 

remembered that resolution is often problematic in 

atomic force microscopy (AFM), due to the size of 

the probe. The thermal stability of the materials was 

measured with a Shimadzu TGA 51, using an air flow 

rate of 50 ml/min and a heating rate of 10.0 °C/min. 

The weight of each sample used was 5.0 ± 0.5 mg. All 

mechanical tests were performed on a LLoyd 

LR/10KN Universal tensile tester at 25°C. The test 

specimens used to measure the strength and stiffness 

of the nanocomposites were made using a specific 

punching device, corresponding to the NF EN ISO 527-

2 standard, according to the principle of category 1A 

specimens. Uni-axial tensile tests were carried out at an 

average rate of 60 mm.min
-1 

until the specimens broke.  

 
Results and Discussion  
 

FTIR Analysis 

Examining the spectrum of Maghnite-CTA (Mag-
CTA-(-(0CEC)) according to Fig. 1(a), the 400-3700 cm

-1
 

region of the Maghnite spectrum shows characteristic 
bands for O-H, Si-O as well as Al-O, Al-OH, Al-Fe-
OH, Al-Mg-OH vibrations. Bands at 3619 and 916 

cm
-1

 are observed which are typical of dioctahedral 
maghnite, bands corresponding to AL-AL-OH 
bending vibrations are observed at 914 cm

-1
. There 

are also bands at 628 cm
-1

 attributed to Si-O-Al 

Table 1 — Experimental conditions for the preparation of Nylon 
6/Mag-CTA nanocomposites 

Organo-clays Nylon 6 Time (h) Yields (%) 

PEDOT/Mag-CTA1 11.3 48h 79.2 

PEDOT /Mag-CTA3 11.3 48h 85.1 

PEDOT /Mag-CTA5 11.3 48h 95.3 

PEDOT /Mag-CTA7 11.3 48h 96.1 
 

 
 

 

 

Fig. 1 — (a) FTIR spectra of several clays analyzed Mag-(0.5-1-

1.5-1.75-2-2.5) (CEC); (b) FTIR spectrum of virgin PA6, Mag-

CTA and PA6NC. 
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bonds, and bands at 3435 and 1641 cm
-1

 correspond to 
the OH deformation frequencies of trapped water 
molecules. The Si–O out-of-plane stretching band 
occurs in Maghnite (Mag-CTA-(0CEC)) at 1091 cm

-1
. 

Figure 1 shows the intensity and amount of adsorbed 

water for all analyzed clay samples. The adsorbed 
water contributes to the H-O-H bending region  
(1650-1700 cm

-1
) and the O-H stretching region 

(3229-3487 cm
-1

). This band is progressively shifted 
with increasing surfactant concentration from 1629 
cm

-1
 and 1633 cm

-1
 (for Maghnite (Mag-CTA-

(0CEC)) and (Mag-CTA-((0.5CEC)) sample, 
respectively) and to 1639 cm

-1
 (for(Mag-(2.5CEC)) 

sample). At the same time, the intensity of this 
absorption decreases significantly. We see a decrease 
in the intensity of the band that reflects the larger 
amount of hydrogen-bonded H2O molecules that are 

present in organophilic clays. This phenomenon can 
be explained by the lower H2O content resulting from 
the replacement of hydrated cations by CTAB

+
 ions. 

With the intercalation of the surfactant, the surface 
characteristics of the clays are changed, i.e. the 
hydrophilic surface of the maghnite fraction has 

become hydrophobic. H2O-containing molecules 
clustered around exchangeable cations are polarized 
due to their proximity to the exchangeable cation, 
with the oxygen of the H2O remaining oriented 
towards the metal cation. The intercalation of CTAB 
is expected to increase such polarization .The FTIR 

spectra of the Mag-CTA-(0.5-1-1.5-1.75-2-2.5) CEC 
composites are in the range of 2800-3000 cm

-1
. The 

intensities of the two strong adsorption bands at 2922 
and 2852 cm

-1
 correspond to the antisymmetric and 

symmetric CH2 stretching modes of the amine, 
respectively, and increase progressively with the 

stacking density of ammonium chains in the  
maghnite galleries. Simultaneously, symmetric and 
antisymmetric C-H stretching of the -CH3 end groups 
appears at 2868 and 2956 cm

-1
, respectively, and 

depends on the packing density of the amine chains. 
This means that the intensity of the absorption bands 

is largely dependent on the stacking density of the 
amine chains in the maghnite galleries. The change in 
the wave number of the antisymmetric CH2 stretching 
absorption band represents only a slight shift of 8 cm

-1
 

from 2924 cm
-1

 for Mag-CTA-(0.5CEC) to 2920 cm
-1

 
for Mag-CTA-(2.5CEC). Narrow absorption bands 

that appear around 2920 (υas (CH2)) and 2852 cm
-1

 
(υas(CH2)). Following the intercalation of CTAB into 
maghnite, new infrared adsorption bands appear 
between 1480 and 1419 cm

-1.
 (Ref. 27) 

The IR spectra of raw maghnite, Mag-CTA, pure 

PA6 and various nanocomposites obtained are shown 

in Fig. 1(b). The IR spectra of raw maghnite and 

Mag-CTA reveal that maghnite is a clay mainly 

composed of montmorillonite. The IR spectrum of 

Mag-CTA shows characteristics which result from the 

combination of the specific groups of the 

montmorillonite and the CTAB molecule. The FTIR 

spectra of PA6 and PA6NC are shown in Fig. 1b. As 

shown in Table 2, the characteristic bands of N-H, C-

H, C-H, C-H, C-O, amide I, amide II and amideV are 

found. For PA6NC, it is noted that the contribution of 

the PA6 characteristic bands is much higher than that 

of montmorillonite. Also, the absorptions of the N-H 

bond and the C=O bond of amide I, which appear 

respectively at 3298 and 1635 cm
-1

, show obvious 

displacements at frequencies lower than those of pure 

PA6. Given the abundance of silanol groups on the 

surface of nanosilica, these results should indicate the 

existence of hydrogen bonds between PA6NC and 

nanosilica
28-30

 and high attenuation of the absorption 

bands relative to the OH groups of water molecules 

(at3400 cm-
1
) indicating the replacement of water 

molecules with CTA
31-33

.  
 

X-ray Diffraction analysis  

Figure 2(a) of the XRD diffractograms of the 

Maghnite treated with Nacl (Mag-Na
+
) resulted in the 

peak characteristic of the plane (001) of the Mag at 2θ 

=5.5°, resulting in a layer spacing of 12.89 Å. The 

XRD performed according to Fig. 2(a) indicate an 

insertion of the alkyl chains of the "CTAB" surfactant 

in the Maghnite galleries. As a result of the cationic 

modification of sodium ions by the cationic surfactant 

CTAB
+
, an expansion of the maghnite layers takes 

place. This expansion is measured directly by X-ray 

Table 2 — Band assignments of FTIR spectra of PA6 and PA6NC 

nanocomposites 

Functional groups PA6 Frequency 

(cm-1) 

PA6NC Frequency 

(cm-1) 

Amide I 1648 1635 

AmideII 1553 1540 

Amide V  685 

Asymmetric elongation 

C-H  

2932 2932 

symmetric elongation C-

H  

2866 2859 

Elongation N-H 3473 3082 

Shear deformation -CH2 1433  

Elongation C-C 1116  

Vibration N-H primary 

amine  

 3298 
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diffraction from the basal spacing powder. Fig. 2(a) 

shows the XDR diagrams of organic CTAB maghnite 

at various surfactant concentrations and the variation 

of the d-spacing as a function of the amount of salt in 

contact with the maghnite. The results obtained 

indicate that the basal spacing of the smectite fraction 

increased as expected, depending on the surfactant 

concentrations. Indeed, for a concentration rate 

corresponding to 0.5 CEC, Indeed, for a concentration 

rate corresponding to 0.5 CEC, there is a shift of the 

montmorillonite peak in the (001) plane towards 

smaller angles 2θ= 3.0
°
 the spacing of Na

+
-Mag 

would have increased from 12.27 Å to 17.25 Å for 

Mag-CTA. Nevertheless, for a concentration Mag-

CTA rate corresponding to 2.5 CEC, the analysis 

performed on the modified Maghnite (Mag-CTA) 

revealed two peaks at 2θ=4.5
°
 and 2.3

°
 at a frequency 

of 19.7 Å and 37.918Å, respectively. The peak 

intensities are higher in the (001) plane due to a 

narrower distribution of interlamellar spacing 

resulting from the presence of CTA ions in the clay 

sheets, for a concentration level corresponding to 

2CEC, Based on the results obtained, the detection of 

two signals instead of one in the Mag-CTA could be 

related to the diffraction of planes other than the d001, 

indicating a high regularity of the modification of the 

Maghnite. The angle (α) between the alkyl chain and 

the basal surface is calculated taking into account the 

length of the CTAB
+ 

molecule and the thickness of 

the envisaged TOT layer. The interfoliar distances of 

the different samples of Nylon 6/ Mag-CTA 

processed nanocomposites were obtained from the 

position of the X-ray diffraction peak [001].  

Figure 2b shows the XRD analysis of the different 

nanocomposites prepared (1, 3, 5 and 7 wt %). The 

strong clay diffraction peak (Mag-CTA) is not 

observed on the PA6NC1, PA6NC3 and PA6NC5 

units, suggesting that the clays are relatively well 

exfoliated in the low-filler PA6 matrix. The XRD 

diffractograms of the PA6NC7 and PA6NC10 

nanocomposites show an increase in the value of the 

d001 diffraction peak at 2θ = 2.80 and 3.01Å 

respectively, and these XRD diffraction spectra 

display spacings of 31.52 and 29.32 Å.As a result of 

previous work described in the literature, We report 

hereafter that The PA6 matrix can take two different 

crystallographic forms: the pseudo-hexagonal form γ 

and the monoclinic form α, for the monoclinic form, 

hydrogen bonds are formed between antiparallel 

chains, contrary to the pseudo-hexagonal form, 

hydrogen bonds are formed between parallel chains, 

this causes the twisting of the molecular chains in 

zigzag planes. The form α is identified in DRX 

diffractograms by the peak located approximately at 

2θ = 24° (d001= 3.70 Å), in addition, the peak that 

characterizes the crystalline form γ appears at 

approximately 2θ = 21.5° (d001= 4.12 Å). The 

introduction of the treated clay varied the shape and 

intensity of these peaks by modifying the crystallinity 

of the PA6 matrix. While increasing the clay content 

increases the intensity of the peak characterizing the 

γ-crystalline form, the addition of clay favored the 

formation of the γ-form, which follows a 

heterogeneous nucleation mechanism, and similar 

results were previously obtained by Jiang et al.
34-36

.  
 

Transmission Electron Microscopy analysis 

The X-ray diffraction technique allowed us to 

specify the dispersion mode of the organophilic 

Maghnite in the PA6 matrix (intercalated, exfoliated) 

and in order to consolidate these results, we used 

transmission electronic microscopy. Figure 3 shows 

 
 

 
 

Fig. 2— (a) The XDR patterns of Maghnite and surfactant 

intercalated Mag-CTA clays; (b) X-ray diffractograms of pure 

Nylon 6 and Nylon 6/Maghnite-CTA nanocomposites. 
 



KHIATI & MRAH: POLYAMIDE-6-BASED NANOCOMPOSITES FOR REMOVAL OF HEAVY METALS 

 

 

395 

the TEM images of the synthesized nanocomposites. 

The clay layers are shown in the images as lines. The 

individual lines correspond to an exfoliated structure 

and the ordered lines to an intercalated structure. 

Figure 3 shows the TEM images of Mag-CTA and the 

different PA6CN % nanocomposites processed.  

The TEM image of the PA6NC3 and PA6NC5 

nanocomposites for low clay contents shows an 

exfoliated morphology, and the micrographs of the 

PA6NC7 nanocomposites are in favor of an intercalated 

morphology where the order of the clay particles is 

maintained. Figure 3 of the PA6NC3, PA6NC5 

nanocomposites shows some disorder in the morphology 

of the clay. The somber lines correspond to the 

monolayer silicates. The clay plates are separated  

which results in an exfoliated structure. However, 

nanocomposites made with 10% clay are immiscible, 

large groups are clearly observable and the existence of 

intercalated clay regions or total exfoliation is probably 

due to the limited diffusion of PA6 in the organophilic 

clay layers. The morphological description obtained by 

TEM largely corroborates the X-ray diffraction results. 
 

Scanning Electron Microscopy Analysis 

Figure 4 presents the SEM images of several 

PA6/organoclay nanocomposites produced. The 

images of the nanocomposites reveal diverse 

morphologies with various sizes and the type of 

modified organic clay has a very significant impact on 

its dispersion in the PA6 polymer matrix. The 

nanocomposites from Mag-CTA showed a partial 

degree of dispersion mainly due to the presence of 

nanoscale PA6 particles (spherical shaped particles) 

and clay sheets. However, the manufactured 

nanocomposites have porous and homogeneous 

particles, whose morphology varies according to the 

percentage of clay used. The heterogeneity of the 

shape is due to the heterogeneous dispersion of 

thePA6 within the organo-modified clay galleries. 
 

Atomic Force Microscopy analysis  

The 3D topographic image in Fig. 5 reflects a 

lamellar structure in the form of lamellar stacks, 

which are separated from each other by regions 

without a particular structure that constitutes the 

amorphous interfibrillar region. Figure 5 also shows 

that the clay layers of the PA6NC nanocomposites are 

smooth with low roughness, and that the grain size 

decreases significantly for the PA6NC1, PA6NC3 

nanocomposites, indicating that the clay has a 

significant effect on the surface morphology. 

However, Figure 5 shows that the PA6NC10 

nanocomposites formed in the deep part of the film 

are most often agglomerations. 
 

Thermogravimetric analysis  

 Thermogravimetric analysis (TG) of maghnite  

and  all  Maghnite-CTA  studies samples are shown in  

 
 

Fig. 3 — TEM micrograph nanocomposites of PA6NC3% (Exfoliated), PA6NC5% (Exfoliated) and PA6NC7%(Intercalated), 

PA6NC10% (Not miscible). 
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Fig. 4 — SEM images of: Mag-Na+,Mag-CTA, PA6NC1%, PA6NC3% 
 

 
 

 
 

Fig. 5 — (a) 3D image shows the topography PA6NC1% and 

PA6NC 3%; (b) Morphology of PA6NC10% 

 

Fig. 6(a). Different stages of mass loss are identified. 

The decomposition of CTAB took place in two stages. 

The first stage is observed at a temperature below 

200°C, at exactly 50.78°C for Mag-CTA-(0CEC) and 

23.0°C for Mag-CTA(2.5CEC) with a mass loss 

ranging from 7.02 to 1.36% respectively. It is due to 

the loss of mass caused by the dehydration of 

physically adsorbed water and water molecules 

around metal cations such as Na
+
 and Ca

2+
 on the 

exchangeable sites of maghnite. Only minimal 

dehydration is observed for (Mag-CTA-(0.5-1-1.5-

1.75-2-2.5) CEC) and it decreases with increasing 

organophilicity. This probably corresponds to 

interlayer water trapped by the CTAB ammonium 

salt. The second stage is between 200 and 400°C. This 

second loss of mass is attributed to the decomposition 

of the CTAB surfactant by the departure of long-chain 

alkyl groups. The ATG results of these organoclays 

indicate that the phenomenon is specific to alkyl 

cation groups binding to external surfaces and easily 

accessible ends. When the surfactant concentration is 

particularly low, organic cations exchange with Na
+
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ions and binds to surface sites mainly through 

electrostatic interactions. CTAB is supposed to 

decompose or burn at 205°C, so the third peak that 

appeared was very close to this critical temperature. 

The third step manifested by the loss of mass above 

400°C was attributed to the loss of dehydroxylation of 

the structural OH units of the maghnite. This is shown 

in Fig. 6(a) at 461.3 °C for maghnite and varied from 

411 to 492°C for Mag-CTA (0.5CEC)and Mag-CTA-

(2.5CEC), respectively. These peaks are, as before, 

assigned to the dehydroxylation of the maghnite. It is 

observed that there is a considerable shift towards 

lower temperatures in the dehydroxylation of 

organoclays 
37

. 

Thermogravimetric analysis (TGA) of the samples 
was performed under a nitrogen atmosphere between 
room temperature and 800°C. Results are presented in 
Fig. 6(b).  Results clearly show the improvement in 
the thermal stability of polyamide-6 when 

incorporating wt % by weight of organoclays. The 
temperatures associated with a 20% loss in initial 
mass of the T20 composites analyzed increase by 6 to 
22°C compared to the raw polyamide-6. Also for T50, 

degradation temperatures of 50% of the initial mass, 
which are improved from 12 to 25°C. The 
improvement in the thermal behavior of polymer-clay 
nanocomposites compared to raw polymers can be 
explained on the one hand, by the formation of 

charbon (from clay) which serves as a barrier between 
the mass transport and as isolator between the 
polymer and the surface zone where the polymer 
breaks down and on the other hand, by restricting the 
thermal dissociation of the polymer portions located 
in the clay galleries. Indeed, T20 and T50 are almost 

identical in both cases. The inclusion of only wt % 
modified clay improves the degradation temperatures 
T20 and T50 respectively compared to polyamide-6. 
Beyond a concentration of 5wt%, there is little 
difference between the degradation profiles suggesting a 
threshold effect

38
. Above a concentration of 5%, there 

is little difference between the degradation profiles 
suggesting a threshold effect. These results indicate 
that the introduction of clay can change the 
decomposition mechanism of Nylon 6 at high 
temperatures (240 to 500°C) furthermore, the thermal 
stability of the prepared nanocomposites is related not 

only to the clay content but also, to the state of the 
clay in the polymer matrix, to the surface between the 
polymer matrix and the clay. 
 
Mechanical properties 

 This section contains a comparison between the 

mechanical properties of the pure polymer and the 

nanocomposites produced. The impact of the 

modified clay on the tensile strengths of the PA6 is 

illustrated in Fig. 7. This figure shows the positive 

evolution of the "PA6/ Mag-CTA " nanocomposite 

curve. The addition of modified clay increases the 

polymer's rigidity and tensile strengths. This can be 

explained by the effect of clay particles on the size of 

the PA6. These spaces absorb impact energy and limit 

the propagation of cracks. This indicates that the 

reinforcement of the polyamide-6 by the modified 

clay gives it greater strength. The greatest 

improvement in tensile strengths is obtained for 

compositions below 3wt%. This growth is explained 

in particular by better adhesion between the filler and 

the matrix and by the good dispersion of the  

filler in the polyamide-6 matrix. Figure 7 presents an 

improvement in the Young's modulus of 

nanocomposites compared to pure PA6. The stiffness 

of nanocomposites visibly increases with increasing 

filler content. This increase is caused principally 

through improved interfacial polystyrene/clay 

 
 

 
 

Fig. 6 — (a) TG results of aw Maghnite, and organoclays Mag-

CTA; (b) TG curves of pure PA6 and different PA6NC 

nanocomposites. 
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adhesion due to good dispersion of the clay filler in 

the polystyrene matrix. Experimental results showed 

an optimal mass ratio (5wt% Mag-CTA). It is 

attributed to the creation of parasitic connections 

between the Mag-CTA and the ends of the polymer 

chains. This results in uniformity and rigidity of 

structures. The number of connections increases with 

the presence of the Mag-CTA-wt%
39,40

. The Young's 

modulus increases more strongly for exfoliated 

nanocomposites. Nanocomposites showed greater 

improvements in Young's modulus, the loads make 

the polymer more resistant to the tensile force small, 

well-dispersed particles generally increase the tensile 

strength properties, which is the case with clay. 
41,42

. 
 

Adsorption of heavy metals by raw clays, organoclays and 

prepared nanocomposites  

 In order to determine the influence of pH on the 

adsorption of Co (II), Cu (II), Cd (II) and Ni(II) on 

clays, a series of experiments was carried out using 

solutions containing these different metals at 

concentrations of 100 mg/L in contact with raw clays 

at a concentration of 10g/L and for pH values varying 

between 1 and 8. We have limited to pH ≤ 6.71 for 

Cd(II), pH ≤ 6.70 for Co(II), pH ≤ 5.65 for Cu(II) and 

pH ≤ 7.6 for Ni(II) to avoid precipitation of heavy 

metals. The results obtained are shown in Fig. 8. 

The analysis of these results shows that the amount 

of Cd(II), Co(II), Cu(II) or Ni(II) adsorbed on raw 

clay increases with increasing pH. When the pH 

varies between 2 and 6.71, the amount of Cd(II) 

adsorbed by maghnite varies from 8.23 to 9.03 mg/L; 

similarly, when the pH varies between 2 and 6.7, the 

amount of Co(II) adsorbed by maghnite varies from 

6.40 to 9.62 mg/L; and when the pH varies between 

1.5 and 5.65, the amount of Cu(II) adsorbed on 

maghnite varies from 7.38 to 9.96 mg/L; and finally, 

when the pH varies between 1.5 and 7.6, the amount 

of Ni(II) adsorbed on raw maghnite varies from  

6.72 to 9.96 mg/L. At very acidic pH values  

(pH < 1.5), the removal rate of Cd(II), Co(II), Cu(II) 

and Ni(II) is greatly reduced. By adding H+ ions, the 

pH is decreased to values below 2.5, which 

neutralises the negative charge of the clays and 

consequently hinders the adsorption of Cd(II), Co(II), 

Cu(II) and Ni(II) which are present in the cationic 

form Cd
2+

, Co
2+

, Cu
2+

, Ni
2+ 

in this pH range. When 

the pH increases (1 < pH < 8), there is a decrease in 

H+ cations which favours the adsorption of Cd
2+

, 

Co
2+

, Cu
2+

and Ni
2+

, on the negative surface of the 

clay. The adsorption of Cd
2+

, Co
2+

, Cu
2+

and Ni
2+

, on 

the negative surface of the clay (Fig. 9)
 43-48

.  

We observe that the lack of a chelating group on 

the structure of CTAB and its occupation of negative 

sites on the surface of clays by quaternary 

ammoniums are negative sites on the clay surface by 

quaternary ammoniums are responsible for the 

responsible for the low retention of heavy metals. On 

the other hand, the presence of on the other hand, the 

presence of negative charges on the raw clays leads to 

a better adsorption compared to the clays modified 

clays. The nanocomposites have allowed the retention 

of heavy metals, but retention rates remain lower than 

for clays, which have a much higher surface load. 
 

Effect of contact time 

The thermodynamic equilibrium between the 

adsorbate in the liquid phase and the adsorbate fixed 

on the solid is reached with a speed that depends not 

 
 

Fig. 7 — Evolution of the Young modulus and tensile strength, as 

a function of the clay content. 
 

 
 

Fig. 8 — Influence of pH on the adsorption of Cd(II), Co(II), 

Cu(II) and Ni(II) on clay: crude Maghnite; C0 (M2+) = 100mg/L ; 

Clay concentration = 10g/L and T=20°C. 
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only on the speed with which the solid is reached with 

a speed that depends not only on the speed with which 

the constituents diffuse in the adsorbent and in the 

fluid but also on the interaction adsorbent-adsorbate 

interaction. The study of the adsorption of a 

compound on an adsorbent allows us to examine the 

influence of the contact time on its retention. The 

fixation of heavy metals is often described as a 

reaction time dependent process. The results of some 

work  on   fixation  kinetics  range  from   short  times  

(a few minutes to 4 hours)
49,50

 to times exceeding  

24 h. The knowledge of the equilibrium time is 

necessary to establish the adsorption isotherms. This 

parameter is studied in the case of the retention of 

copper and nickel by raw clays and modified clay 

(Mag-CTA). The shape of the curves shown in Fig. 10 

is typical of saturation curves with a slight qualitative 

and quantitative difference. Equilibrium is reached 

more quickly in the case of Co(II) (6 min), Ni(II) (10 

min) and Cd(II) (15 min) than in the case of Cu(II)  

(120 min). Thus, raw maghnite has a higher 

adsorption capacity for cadmium, cobalt, nickel and 

copper (qe= 8.20 mg/g; 8.44 mg/g; qe= 8.71mg/g and 

9.48 mg/g respectively) than modified maghnite  

(qe= 3.15 mg/g; 3.83 mg/g; qe= 4.23 mg/g and  

5.41 mg/g respectively). It can be seen that copper has 

a good affinity for both clays. The Langmuir 

adsorption isotherm is based on the assumption that 

the adsorbate molecules form a monolayer on the 

surface of the adsorbent
51,52

.  

The adsorption energy of all sites is identical and 

independent of the presence of adsorbed molecules on 

neighboring sites (homogeneous surface and no 

interaction between adsorbed molecules). Langmuir's 

 
 

Fig. 9 — Adsorption quantities qm in mg/g of heavy metals by raw and modified maghnite and modified maghnite(Mag-CTA) and 

nanocomposite. 

 

 
 

Fig. 10 — Influence of stirring time on the adsorption of Cd(II) at pH 6.67, Co(II) at pH 6.96, Cu(II) at pH 5.5 and Ni(II) at pH 7.5 on 

clay: (a) Maghnite and (b) Mag-CTAhnite; C0 (M2+) = 100mg/L; clay concentration = 10g/L 
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isotherm is widely used to describe the adsorption 

reaction and can be represented by equation E1. 

Where, 

Ce: concentration of the solute at equilibrium 

(mg/L) qe: quantity adsorbed at equilibrium (mg/g) 

qm: maximum quantity adsorbed at saturation of the 

monolayer or maximum adsorption capacity (mg/g) 

KL: equilibrium adsorption constant, temperature 

dependent (L/g) The adsorption capacity of the 

Langmuir monolayer (qm) gives the amount of metal 

required to occupy all available sites per unit mass of 

the sample. 

All the R
2
 correlation coefficients exceed 0.89, 

which shows that the experimental results coincide 

perfectly with the linear form of the Langmuir model. 

Results coincide perfectly with the linear form of the 

Langmuir model. According to Table 1, we can see 

that the adsorption capacity qm of Maghnite at 25°C is 

two and a half times higher than that of Mag-CTA. 

The highest adsorption capacity is observed for 

copper because of its small size compared to the 

others and so on. The adsorption of cadmium, cobalt, 

copper and nickel by Mag-CTA and crude maghnite 

is dominated by the cation exchange phenomenon. 

This phenomenon of cation retention appears 

with a preferential order of selectivity: Cu
2+

 > Ni
2+

 > 

Co
2+

 > Cd
2+

 

Conclusion 

The results show that PA6/ Mag-CTA 

nanocomposites have better thermal stability and 

higher Young's modulus, impact strength and tensile 

strength than PA6. However, when the organic clay 

content reaches 5 wt%, the thermal stability, 

Young's modulus, impact strength and tensile strength 

decrease. Characterization of the structure and 

thermal behavior of these materials has highlighted 

the effect of the structural conception of surfactant 

substances on the morphology and thermal 

degradation and mechanical properties of 

nanocomposites Exfoliated nanocomposites offer 

greater thermal stability than virgin polyamide-6 and 

could potentially serve as flame retardant materials. 

Exfoliated composites with a loading rate of 5wt% 

show better results in terms of thermal and 

mechanical properties. The pH-dependent study of the 

adsorption showed that the amount of cobalt (II), 

cadmium (II), copper (II) and nickel (II) adsorbed on 

the two raw clays and the modified clay increases 

with increasing pH. For very acidic pH values, the 

removal of the four heavy metals is very low. The 

best retention of heavy metals is given by modified 

clays. The lack of a chelating group on the CTAB 

structure and its occupation of the negative sites on 

the surface of the clays are responsible for the low 

retention of heavy metals compared to raw clays and 

nanocomposites. The structure of the polymers 

allowed the chelation of heavy metals, but the number 

of chelated metals was lower than the number of 

complexed metals on the basal surface of the raw 

clays, which caused the low retention of heavy metals 

by the nanocomposites compared to the raw clays. 
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