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Preparação e Caracterização de Compósitos de Argila Bentonita/Carvão Ativado e Aplicação 

de Planejamento Fatorial 2
3
 em Estudo de Adsorção do Corante Azul de Metileno 

Resumo: Nos últimos anos, um grande número de trabalhos envolvendo a preparação e utilização de 

compósitos de argila tem sido objeto de estudos científicos. Isto é decorrente de uma crescente 

preocupação social e ambiental, devido a alta taxa de esgotamento dos recursos de petróleo e novas 

regulamentações ambientais, as quais têm forçado a busca de novos compostos que não ofereçam 

riscos ao meio ambiente. Desta forma, neste trabalho descrevemos a preparação e caracterização de 

compósitos de argila/carvão ativado (AC) e dos seus precursores por técnicas como difração de raios X 

(DRX), microscopia eletrônica de varredura com espectroscopia dispersiva de energia (MEV-EDS), análise 

térmica (TG-DTA). O perfil de DRX dos compósitos mostrou características diferentes dos seus 

precursores argila e carvão ativado, ocorre um deslocamento dos picos de difração, sugerindo 

intercalação de carvão entre as camadas de argila. As condições ótimas para a adsorção do corante azul 

de metileno pelo compósito AC50 foram determinadas por planejamento fatorial. A maior eficiência de 

adsorção foi obtida nas condições de temperatura de 40 °C, pH 8,0, e força iônica igual a 0,01. 

Palavras-chave: Argila bentonita; carvão ativado; compósitos; caracterização; planejamento fatorial. 

Abstract 

In recent years, several studies involving the preparation and use of composite clay have been the 

subject of scientific targets. This is due to an increasing social and environmental concern, due to high 

rate of depletion of oil resources and new environmental regulations, which are forced to search for 

new compounds that offer no risk to the environment. Thus, in this work we describe the preparation 

and characterization of composite clay/activated carbon (CA) and its precursors by techniques such as X-

ray diffraction (XRD), scanning electron microscopy with energy dispersive spectroscopy (SEM-EDS), 

thermal analysis (TG-DTA). The XRD profile of the composite showed different characteristics in relation 

to its precursor clay and activated carbon, a displacement of the diffraction peaks occurs, suggesting 

carbon intercalation between the clay layers. The great conditions for the adsorption of methylene blue 

dye by AC50 composite were determined by factorial design. The higher adsorption efficiency was 

obtained under the conditions of 40 °C, pH 8.0 and ionic strength equal to 0.01. 
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1. Introduction 

 

Activated charcoal is the most popular 

and widely used adsorbent in water 

treatment and this has been attributed to the 

extensive surface area, micro-porous 

structure, high adsorption capacity and high 

degree of surface reactivity.
1-2

 Also, activated 

charcoal has been successfully used as an 

adsorbent for removal of dyes from effluents. 

The adsorption of the dyes by this porous 

solid involves the transport of the dye from 

the solution and the diffusion of the dye 

molecules into the pores of the adsorbent.
3-4

 

The performance of the process of treatment 

with activated charcoal depends on the type 

of charcoal, as well as the characteristics of 

the effluent.
2-5

 The ability of charcoal to 

absorb dyes has now been investigated and 

the results showed that the adsorption was 

very efficient. However, the contact time to 

reach equilibrium for adsorption of dyes on 

wastewater is generally great, due presence 

of other contaminants such as, acids or 

alkalis, salts, dissolved and suspended solids 

and other toxic compounds.
2-5 

Clays are of great importance as an 

alternative to the use of activated charcoal 

for adsorption of pollutants aquatic.
6
 Clay is a 

rock that essentially consists of a group of 

minerals called clay minerals. Each different 

clay and each one of the four groups of ten 

clay minerals has a specific name and 
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different processes were also used to obtain 

the clay structure.
7
 Clay minerals are 

hydrated silicates of Al, Fe, and Mg, with 

layered crystalline structures (phyllosilicates), 

made up of continuous sheets of SiO4 

tetrahedrons, arranged in a hexagonal shape, 

condensed with octahedral sheets of 

trivalent and divalent metal hydroxides.
8
 

Bentonites are clays of the montmorillonite 

group, whose members possess interlayer 

cations such as Na
+
 and Ca

2+
. Montmorillonite 

clays are some of the most abundant and 

most investigated clay minerals.
9 

The use of clay minerals to obtain 

composites through the interaction with 

organic compounds with specific 

functionalities has aroused scientific interest. 

This occurs because the most recent 

technologies require materials with a 

combination of properties that are not found 

in conventional materials such as pure clay 

and activated charcoal. Mineral/Carbon 

Material compounds (MCMCs) have been 

prepared by the combination of organic and 

inorganic components and constitute an 

alternative for the production of new 

multifunctional materials with a wide range 

of applications. These MCMCs are also 

interesting in the removal of dyes by 

adsorption. Dyes, even when present in small 

quantities, are visually detectable and cause 

serious aesthetic problems in river and lake 

water. The effluents of textile industries, dye 

manufacturing industries, and manufacturers 

of paper and pulp are highly colored.
10

  

In addition to their aesthetic problems, 

most commercially-used dyes are resistant to 

biodegradation, photodegradation, and 

oxidation.
1
 Dyes also significantly affect 

photosynthetic activity by reducing the 

penetration of sunlight; they are toxic to 

certain aquatic life forms due to the presence 

of exchangeable metals and chloride; some 

dyes are carcinogenic and mutagenic and can 

interfere in certain processes used to treat 

municipal waste water, such as ultraviolet 

disinfection.
1
  Currently, adsorption is 

regarded an excellent method for 

wastewater treatment, particularly on dyes 

removal.
11 

Factorial design application on adsorption 

process has been observed in the literature. 

An example is the study in that the 

significance of the parameters pH, initial 

concentrations of Cr (IV) adsorbent and 

temperature were evaluated by experimental 

design with a reduced experiments number, 

minimizing costs and time.
12-13

 In the present 

work, alternative composite materials 

resulting from the combination of bentonite 

clay and activated charcoal were prepared. 

The materials were characterized by different 

spectroscopic and thermal techniques and 

tested to evaluate their potential for 

adsorption of methylene blue dye. From the 

results, one of the composites was chosen for 

subsequent study of the optimization of the 

methylene blue adsorption process through 

factorial design in which the influence of 

factors such as ionic strength, temperature 

and pH was investigated. 

 

2. Experimental 

 

2.1. Materials  

 

All chemical reagents used were of 

analytic grade, and the solutions were 

prepared with ultra-pure water. The clay 

used was bentonite clay (Argel T), supplied by 

Buntech Tecnologia de Insumos Ltda. 

According to the information provided by the 

supplier, the clay possesses thixotropic and 

anti-sedimentary properties. It is composed 

of oxides of aluminum, iron, and magnesium, 

and in a greater proportion, silicon. Moisture 

of materials was determined gravimetrically 

by desiccation in an oven at 110°C until 

constant mass and it were found moisture 

contents of 7.4 % and 2 % for clay and 

charcoal, respectively. The activated pine 

coal (pulverized) used was obtained from 

Alphacarbo Industrial (Guarapuava, Brazil). 

The dye methylene blue was used for the 

adsorption tests, and the absorbance 

measurements were performed using a 

Spectrum UV/Vis SP 2000 UV 

spectrophotometer. 
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2.2. Composites preparation 

 

The composites were prepared using 

samples of pine charcoal (Charcoal100) and 

Argel T clay (Argel100). First, the starting 

materials were placed in an oven at 110 °C to 

dry, and after this, the clays were added to 

the charcoal in different percentages to 

create mixtures consisting of  85 % ,  50 % 

and 15 % of dry clay. Then a clay-charcoal 

mixture was prepared, from an aqueous 

dispersion, using continuous stirring for 

approximately 15 minutes at room 

temperature. After this, the dispersion was 

allowed to rest for 24 h and it dried in an 

over at 110 °C also for 24 h. Then the samples 

were activate in oven at temperatures of 500 

°C, 700 °C and 900 °C, for 30 minutes. The 

composite samples obtained were pulverized 

and standardized using a sieve number 70-

400 mesh (ABNT - Brazilian Association for 

Standards and Techniques). According to the 

International Standards Organization, a 48-

400 mesh (38-300 mm) sieve classifies 

materials as ultra-fine. The materials 

characterized and used in this work are 

referred to as follows: Argel T (Argel100), 

activated charcoal (Charcoal100), composite 

with 85 % of clay (AC85) and composite with 

50 % of clay (AC50). 

 

2.3. Materials Characterization  

 

The X-ray diffraction pattern were 

performed using the powder method and a 

Bruker D2 Phaser diffractometer operated 

under the following conditions: 30 kV, 10 mA, 

copper source (kα, λ = ϭ.ϱϰϭϴ ǺͿ; sĐaŶŶiŶg 
step 0.02 (2θ), with time of 1.2 s per step; 

scanning range 3°-90° (2θ). Simultaneous 

thermogravimetry and differential thermal 

analysis (TG-DTA) were performed in a 

thermal analyzer from Seiko, model 6300, 

under dynamic air atmosphere (50 mL min
-1

), 

heating rate of 10 °C min
-1

, from 25 to 1000 

°C,  Alpha alumina was used as a reference 

material for the DTA analyses. The infrared 

spectra were obtained using a Shimadzu 

FTIR-8300 spectrophotometer. The scanning 

conditions were 400-4000 cm
-1

 with 32 scans 

and resolution of 4 cm
-1

. The samples were 

characterized in pellet form, with pellets 

made with 1 % of KBr. For X-ray fluorescence 

analysis, the measurement system was 

composed of a portable X-ray tube (Ag 

target, 50 µm Ag filter, 4 W), a Si-PIN 

detector (resolution of 190 eV for energy of 

5.9 keV and a 25 µm Be window), with 

electronics for acquisition and evaluation of 

spectra. The measurement conditions were: 

28 kV, 10 µA, Ag collimator, 500 s acquisition 

time. Scanning electron microscopy (SEM) 

images were obtained using a microscope 

Jeol, model 5900LV (Scanning Electron 

Microscope – Low Vacuum) equipped with 

EDS (Electron Dispersive Spectrometer) 

belonging to the Centro de Nanociência e 

Nanotecnologia César Lattes (C2Nano) at the 

Laboratório Nacional de Luz Sincrotron 

(LNLS), Campinas, São Paulo, Brazil. The 

samples were covered with gold, through the 

sputtering technique available in the C2Nano. 

 

2.4 Factorial Design Study 

 

The influence of variables such as pH, 

temperature and ionic strength on the 

methylene blue dye adsorption by the AC50 

composite was investigated by a 2
3 

factorial 

design. For the measurements, a UV-VIS 

spectrophotometer SP 2000 UV – Spectrum 

(LabGAT, Unicentro, Brazi), with 665 nm 

wavelength was used; this accords with the 

maximum adsorption of the methylene blue 

dye according to the literature (Neumann et 

al., 2000; Dural et al., 2011). Experiments 

were carried out employing methylene blue 

dye solutions with initial concentration equal 

1000 mg L
-1

, the adsorbent mass used was 

200 mg, agitation of 150 rpm and controlled 

temperature in the shaker. Samples were 

centrifuged and the dye absorbance readings
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were performed randomly for all level 

combinations presented in Table 1. 

The effects of factorial design were 

calculated through: )()( 







 RRE f
 where ( 

_

R ) ሺR̅+ሻ and (R̅
-
) are the averages at the (+) and 

(-) levels of the factors involved. The factor 

effects on absorption of the methylene blue 

dye by the AC50 composite were tested for 

the statistical significance by standard error 

and by probability normal graph analysis at 

95 % confidence level. All the statistical 

analyses were carried out using the software 

͞MiŶitaď for WiŶdoǁs ϭϲ.Ϯ.Ϯ͟. 
 

Table 1. Factors and levels of 2
3
 factorial design study 

Factors Level (-) Level (+) 

Ionic Strength (mol L
-1

) 0.01 0.10 

pH 3.0 8.0 

Temperature (°C) 25 40 

 

3. Results and discussion 

 

The composite materials characterized in 

this study were those prepared at a 

temperature of 500 °C, which were denoted 

as AC85 and AC50, with percentages of 85 % 

and 50 % of clay, respectively. The choice of 

these composites for the characterization 

studies was due the lower activate 

temperature used during preparation and the 

best efficiency on adsorption of methylene 

blue dye. Composite samples and their 

precursor´s materials (Argel100 and 

Charcoal100) were characterized by X-ray 

diffraction (Figure 1). It can be observed that 

the materials have a peak at approximately 

2θ = 7.0
o
, indicating that they are layered 

material of the montmorillonite clay type. 

After activated of the materials at 500 °C, a 

change in the diffraction peaks was observed 

for the composites AC85 e AC50 in relation to 

the clay Argel100, for low angles. This 

displacement suggests an increase in the 

interlamellar (d001) spacing due to the process 

of intercalation of the charcoal between the 

layers of clay. It was observed that the d001 

for A100 ǁas ϭϮ.ϯϰ Ǻ ;peak ϬϬϭͿ; ǁhile for the 
Đoŵposites the spaĐiŶg ǁas ϭϯ.ϴϱ Ǻ for AC85 

aŶd ϭϰ.ϱϵ Ǻ for AC50.
14

 Therefore, this 

interlamellar spacing is more pronounced for 

the composites when compared with the 

Argel clay. It was also noted that Argel100 

possessed a 2θ peak at approximately 14.58 

Ǻ, ǁhiĐh ǁas Ŷot preseŶt for the Đoŵposites, 
suggesting the presence of charcoal in the 

composites.
15-16 

Studies performed by Rodrigues et al. 

(2004) with organoclay 

nanocomposites/rubber presented an 

increase in basal clay mineral distances 

showing interleaving of quaternary 

ammonium cations. This is in agreement with 

the observations verified for composites 

studied in this work, with incorporation of 

charcoal in clay structure.
16-17

 

Thermogravimetric analysis (TG/DTG) was 

used to evaluate the thermal properties of 

the materials. Figure 2c and 2d exhibits 

curves responding to loss of mass for the AC85 

and AC50 composites, respectively. It can be 

observed that the DTG curve obtained for the 

AC85 composite (Figure 2c) shows four events 

with a total loss of mass of approximately 

15.4 % of the initial mass. The first mass loss 

equal to 5.4 % (between 40 and 200 °C) is 

attributed to the evaporation of 1.14 

hydration or weak-bonded water molecules, 

for the AC85 composite) and 2.7 molecules of 

weak-bonded water for the composite AC50. 

This probably occurs due to the presence of 

montmorillonite that exhibits the first region 

of loss of mass between 40 and 200 °C, 

corresponding to water elimination. The 

event can be attributed to the volatilization 

of weak-bonded water, present on the 
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surface of the agglomerates and between the 

aggregates. The second mass loss occurs 

between 200 and 550 °C and is related to the 

volatilization of solvation water 

(interlamellar), which is more strongly 

bonded. The third mass loss, between 500 

and 700 °C, is related to the loss of structural 

hydroxyls, and it can be noted that events 

above 750 °C are present in all composites, 

showing a decomposition of the oxides 

present in the sample. Figure 2a and 2b 

shows the mass loss events for the 

precursors Charcoal100 and Argel100.
18

 

 

 

Figure 1. X-ray diffraĐtioŶ patterŶs of preĐursor’s ŵaterials aŶd Đoŵposites:  CharĐoal100, 

Argel100, AC85 and AC50 

 

Differential thermal analysis is based on 

the difference of temperature between a 

sample and a reference to supply the 

parameters to relate endothermic and 

exothermic processes.
19

 During the analysis 

of the samples, it can be observed that there 

is not uniformity in the loss or gain of energy, 

since there are two endothermic and two 

exothermic events. It can be seen that the 

endothermic events always precede the 

exothermic events. Therefore, in the first 

event there was probably only absorption of 

heat for evaporation of water derived from 

moisture absorbed by the material during 

handling and storage. The next event, which 

occurs between 200 °C a 600 °C was 

attributed to the dehydration of oxides 

present in the samples. It can be verified that 

the event that occurs between 600 and 800 

°C is attributed to the liberation of water 

contained in the oxide structures and the last 

is due to the decomposition of these oxides.
5
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Figure 2. TG/DTA Đurǀes of preĐursor’s ŵaterials aŶd Đoŵposites:  CharĐoal100, Argel100, AC85 

and AC50 

 

Qualitative chemical analysis of the 

composites AC85 and AC50 and the precursors 

Charcoal100 and Argel100 were performed by 

X-ray fluorescence, and the elements 

identified (strontium, rubidium, yttrium, 

zirconium, copper, zinc and manganese) were 

present in trace amounts, in proportions 

smaller than 0.05 %. The chemical 

composition was determined by energy 

dispersive X-ray spectroscopy (EDS) and the 

results obtained are summarized in Table 2. 

Elements found in small proportions, but 

significant amounts were obtained directly 

using the software from equipment. Figure 3 

shows the results obtained by EDS for the 

precursors and the composites highlighting 

the presence of the principal elements in the 

samples and confirming the presence of 

charcoal in the composites. 

 

Table 2. Percentage (mass) of the principal elements presents in the composites and their 

precursors by EDS analysis 

Sample 
Mass (%) 

Na Mg Al Si Ca Fe C O 

Charcoal100 n.d. 0.07 n.d. n.d. 0.71 n.d. 98.56 n.d. 

Argel100 2.09 1.49 10.18 40.26 1.13 4.94 ND 39.89 

AC85 0.53 0.46 2.91 9.27 0.87 2.23 61.26 22.16 

AC50 0.55 0.41 3.02 10.14 0.48 2.56 59.53 22.88 

*n.d. – NOT DETECTED 
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Figure 3. Chemical analysis by X-ray speĐtroŵetry eŶergy dispersiǀe ;ED“Ϳ of preĐursor’s 
materials and composites:  Charcoal100, Argel100, AC85 and AC50 

 

The infrared spectra of the precursor´s 

materials and composites are shown in Figure 

4. In these spectra, peaks can be observed at 

3633 cm
-1

 for Argel100 clay, in the composites 

we have peaks attributed to the clay 

(stretching OH-). At 3462 cm
-1 

present in the 

Charcoal100 and 3430 cm
-1

 present in the AC50 

composite (OH- vibrations (stretching). The 

band observed at 1650 cm
-1

 for the Argel clay 

and the AC50 composite is due to adsorbed 

water. The band at 1035 cm
-1

 observed in the 

Argel clay and composites are related to the 

Si-O vibrations.
20

 Peaks characteristic of the 

octahedral sheets present in the clay can be 

observed between 522 cm
-1

 and 462 cm
-1

.
21

 

Figure 5 shows the SEM images of the 

activated pine charcoal (Figure 5a) and the 

Argel clay (Figure 5b). The charcoal evidences 

irregular shapes, such as those of broken 

glass, while the clay contains less irregular 

shapes of varying sizes. The clay evidences 

aggregates of uniform size and shape and of 

a porous nature, in the form of large rounded 

pieces with no sharp points.
20

 In the 

electronic scanning micrographs of the 

samples of the composites (Figure 5c), it can 

be seen that these samples have charcoal on 

their surface, and that this is more 

perceptible in the AC85 composite. In the e 

AC50 composite (Figure 5d), various charcoal 

fragments can be observed on the clay 

surface, which was also confirmed by X-ray 

diffraction analysis, which showed a greater 

basal spacing between the layers.
3
 

 

Charcoal100 Argel100 

AC85 AC50 
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Figure 4. Vibrational spectra in the infrared regioŶ for the preĐursor’s ŵaterials aŶd 
composites: Charcoal100, Argel100, AC85 and AC50 

 

Various studies have been done to test 

the adsorption of dyes using clays and 

activated charcoal, and the object of the 

current study was to evaluate the application 

of composites obtained from these 

precursors for the adsorption of dye. The 

trials for adsorption of methylene blue dye by 

the composites obtained at different 

activated temperatures were performed with 

an initial pH of 5, solution of dye with initial 

concentration of 300 mg L
-1

, temperature of 

25 °C and stirring at 150 rpm for 3 h. The 

adsorption tests were performed for 

composites treated at different activated 

temperatures (500, 700 and 900 °C) and the 

results obtained are shown in Figure 6. The 

AC50 and AC85 composites showed better dye 

adsorption than the other composites 

prepared, showing greater efficiency in the 

removal of the dye methylene blue from the 

solution. The results of adsorption efficiency 

for materials AC50 and AC85 treated at 700 °C 

were 36 ± 13 % and 48.8 ± 4.0 % respectively, 

while for those treated at 900 °C were 37.6 ± 

0.5 % and 67.1 ± 16.0 % respectively. On the 

other hand, the composites treated at 500 °C 

had an efficiency of 93.9 ± 5.7 % and 87.4 ± 

1.6 % for AC50 and AC85 materials, 

respectively. 

Therefore, the AC50 and AC85 composites 

were characterized and will be used in future 

studies of equilibrium of adsorption of 

methylene blue dye. Another relevant factor 

in the choice of these composites for the 

studies was the lower activated temperature 

used during preparation. AC50 and AC85 

composites also showed better performance 

of adsorption than charcoal, which reinforces 

its industrial application, due to lower cost 

associated with clay. Methylene blue is a 

cationic dye in aqueous solution and so the 

adsorption of this dye is primarily influenced 

by surface charge on the adsorbent.
21-22

 

Silanol groups present on clay surface (Figure 

4) become deprotonated with increase in the 

pH solution, thus increasing the number of 

negatively charged sites on composites, 

which favors the adsorption of methylene 

blue by the new materials compared to 

charcoal.
21
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Figure 5. “EM iŵages of the of preĐursor’s ŵaterials aŶd Đoŵposites:  CharĐoal100, Argel100, 

AC85 and AC50 

 

 

Figure 6. Comparison of the adsorption of metlhylene blue by the clay/coal composites 

 

The composites prepared in this work 

have potential for application in studies of 

equilibrium adsorption of dyes and metal 

ions and, so these materials will be explored 

for this application. Therefore, a more 

complete study considering the application of 

factorial designs varying factors as pH, ionic 

strength and  temperature for both 

composites (AC85 and AC50) was performed,
22-

23-24
 in order to determine the influence of 
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these variables on the efficiency of 

methylene blue dye adsorption. Results 

obtained by application of the factorial 

design in the study of methylene blue dye 

adsorption by composite AC50 are shown in 

Table 3, and the calculated effects are 

presented in Table 4. 

AŶalysis of Pareto’s graph ;Figure 7) and 

standard error at the 95.0 % confidence level 

of factorial design results (Tables 3 and 4) 
 

demonstrates that all factors are significant 

as well as the interaction effects between 

ionic strength and temperature, pH and 

temperature, and the interaction effect 

between the three factors (ionic strength, pH 

and temperature). 

 

Table 3. Results of 2
3 

factorial design applied to methylene blue dye adsorption by AC50 

composite 

Experiments Ionic strength/M pH Temperature/°C 
Averages of Adsorptive capacity 

(q) ± SD 

1 0.01 3.0 25 204.45 ± 0.40 

2 0.10 3.0 25 195.50 ± 0.20 

3 0.01 8.0 25 200.68 ± 1.70 

4 0.10 8.0 25 189.63 ± 0.30 

5 0.01 3.0 40 229.26 ± 0.60 

6 0.10 3.0 40 213.33 ± 0.60 

7 0.01 8.0 40 230.30 ± 0.20 

8 0.10 8.0 40 218.00 ± 0.20 

 

Table 4. Effects and standard errors from 2
3 

factorial design applied at methylene blue dye 

adsorption by AC50 composite 

Effects Estimates* ± SE 

Global mean 210.14 ± 0.18 

Main Effects  

Ionic strength (1) -12.06 ± 0.36 

pH (2) -0.98 ± 0.36 

Temperature (3) 25.16 ± 0.36 

Second order interaction effects  

(1)x(2) 0.38 ± 0.36 

(1)x(3) -2.06 ± 0.36 

(2)x(3) 3.84 ± 0.36 

Third order interaction effect  

(1)x(2)(3) 1.43 ± 0.36 

* Estimates higher than 0.83 are significant at 95.0% confidence level 
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Figure 7. Pareto’s graph for the staŶdardized effeĐts of the Ϯ3 
factorial design at 95.0 % 

confidence level 

 

Figure 8 suggests that the raising in 

temperature from 25.0 to 40.0 °C is 

significant to the adsorption of the 

methylene blue dye by the composite AC50, 

leading to increase of 25.16 mg g
-1

 in the 

adsorption capacity. This result indicate that 

an increase in temperature enables that a 

greater number of molecules of the 

methylene blue dye possess sufficient energy 

to interact with the adsorbent surface, 

decreasing the viscosity of the medium, and 

thereby increasing the mobility of the dye 

molecules in solution.
22-23

 So, the adsorption 

process is favored. 

 

 

Figure 8. Graph for the interpretation of effects from 2
3 

factorial design applied for the study 

of the methylene blue dye adsorption by AC50 composite 

 

In Figure 8 is also illustrated the effect of 

ionic strength on the adsorption of 

methylene blue by AC50 composite. The 

increase on ionic strength from 0.01 to 0.1 
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resulted in a decrease of 6.12 mg g
-1

 of the 

dye amount adsorbed. When the 

electrostatic forces between the adsorbent 

surface and the ions of the salt are relatively 

strong, an increase in ionic strength would 

decrease the amount adsorbed.
24-25 

 The change in pH of 3.0 to 8.0 had no 

important influence on the adsorption 

process (Figure 8). This result is quite 

interesting because it suggests that the 

application of AC50 composite in methylene 

blue dye adsorption can be performed 

without pH control, which increases the 

economic viability of this process. 

In addition to the main effects, significant 

interaction effects were observed between 

the variables ionic strength and temperature, 

pH and temperature, and between the three 

factors. The factors cannot be analyzed 

separately because the effects of each 

depend on the levels of the other variables; 

this can be more readily explained by the 

lines shown in Figures 9, 10 and 11. 

It can be observed in Figure 9 that the 

methylene blue dye adsorption in solution is 

raised (higher q values), when the pH is 

increased from 3.0 to 8.0 and when the ionic 

strength is decreased from 0.01 mol.L
-1

 to 0.1 

mol.L
-1

. It suggests that the presence of salt, 

in the form of KCl favors the electrostatic 

interaction of the dye through the surface of 

the adsorbent similarly to results reported in 

the literature by Arafat et al (1999). 

It can be seen from Figure 9 that the 

change in ionic strength of 0.01 to 0.1 causes 

a decrease in the amount of adsorbed 

methylene blue dye by composite. However, 

while at 25 ° C the reduction is of 10.0 mg g
-1

, 

at a temperature of 40.0 ° C is of 14.0 mg g
-1

. 

This shows that there is interaction between 

the variables ionic strength and temperature, 

and therefore they should not be analyzed 

separately. 

Figure 10 enables the interpretation that 

at 40 °C and pH 8.0 there was increase in the 

capacity of adsorption of the methylene blue 

dye by AC50 composite. In order to justify this 

fact, it can be suggested that the increase in 

temperature improves the mobility of dye 

molecules, potentiating the adsorption 

process on the surface of the adsorbent. At 

pH 8.0, it is suggested that there is a higher 

number of negative loads on the surface of 

the adsorbent, thus favoring the adsorption 

of the methylene blue dye, a cationic dye. 

Another factor, documented in the literature, 

which justifies higher adsorption at pH 8.0 is 

the deprotonation of silanol groups present 

on the clay surface, which is explained by the 

increase in the electroforetic mobility at high 

pH values.
27 

Figure 11 illustrate the third order 

interaction effect for the variables: 

temperature, pH, and ionic strength. In this 

work it was observed that higher q values 

results in greater efficiency for the removal of 

methylene blue dye by AC50 composite. So it 

is noted that the factors that produce this 

response are: high levels of temperature and 

pH and level low of ionic strength. 

However, in the experiment where the 

low levels of pH and ionic strength and high 

level of temperature are used it was obtained 

a response with a difference of only 1.035 

units in the q value indicating that the pH did 

not significantly affect the adsorption of the 

dye methylene blue in the experimental 

region investigated by factorial design. The 

factors and their levels corresponding: 

temperature of 40 ° C, pH equal to 3.0 and 

ionic strength of 0.1 mol l
-1

, produced a less 

efficient adsorption of dye methylene blue by 

AC50 composite. 
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Figure 9. Graph of the interaction effect between ionic strength and temperature 

 

 

Figure 10. Graph of the interaction effect between pH and temperature. 
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Figure 11. Interaction effect between temperature, pH and ionic strength for adsorption of 

methylene blue by AC50 composite 

 

4. Conclusion 

 

The characterization results showed the 

intercalation of activated pine charcoal 

between the layers of the bentonite clay 

Argel T and the thermal stability of the 

composites obtained was higher than the 

precursors. The composite prepared at a 

temperature of 500 °C showed a higher 

efficient adsorption of the methylene blue 

dye than others compositions prepared at 

the same temperatures such as the others 

temperature studied. All materials prepared 

at 500 °C showed better efficiency in removal 

of methylene blue than charcoal, suggesting 

enhancement of in their properties as 

adsorbent in general. The results indicate 

that the morphology, surface area and 

chemical composition of the composites play 

an important role in adsorption processes, 

especially for removal of dyes in wastewater. 

Factorial design results indicate that the 

variables temperature and ionic strength 

have strong influence in the adsorption of 

methylene blue dye by AC50 composite. The 

pH variable was not very important for the 

adsorption of the dye investigated; 

suggesting that for the process does not need 

to control pH, making it more attractive from 

an economic standpoint. The higher 

adsorption efficiency was obtained under the 

conditions of temperature 40.0 ° C, pH 8.0 

and ionic strength equal to 0.01. 

 

Acknowledgments 

 

Support from the Brazilian agencies 

Capes, CNPq, Finep, Fundação Araucária and 

Fapesp is gratefully acknowledged. The 

authors also wish to thank Professor Irineu 

Mazzaro for the x-ray diffraction analyses 

performed in the Laboratory of X-Ray Optics 

and Instrumentation at the Universidade 

Federal do Paraná and the Universidade 

Estadual do Centro-Oeste. C2NANO pictures 

by scanning electron microscopy. 

 

 

 



 
 Chagas, N. V. et al. 

  

 

1622 Rev. Virtual Quim. |Vol 6|  |No. 6|  |1607-1623| 

 

References 

 

1
 Almeida, C. A. P.; Debacher, N. A.; Downs, 

A. J.; Cottet, L.; Mello, C. A. D. Removal of 

methylene blue from colored effluents by 

adsorption on montmorillonite clay. Journal 

of Colloid and Interface Science 2009, 332, 46. 

[CrossRef] [PubMed] 
2
 Fernandes, A. N.; Almeida, C. A. P.; 

Debacher, N. A.; Sierra, M. M. S. Isotherm 

and thermodynamic data of adsorption of 

methylene blue from aqueous solution onto 

peat. Journal of Molecular Structure 2010, 

982, 62. [CrossRef] 
3
 Deng, H.; Yang, L.; Tao, G.; Dai, J. 

Preparation and characterization of activated 

carbon from cotton stalk by microwave 

assisted chemical activation—Application in 

methylene blue adsorption from aqueous 

solution. Journal of Hazardous Materials 

2009, 166, 1514. [CrossRef] [PubMed] 
4
 Dural, M. U.; Cavas, L.; Papageorgiou, S. K.; 

Katsaros, F. K. Methylene blue adsorption on 

activated carbon prepared from Posidonia 

oceânica (L.) dead leaves: Kinetics and 

equilibrium studies. Chemical Engineering Journal 

2011, 168, 77. [CrossRef] 
5
 Rossetto, E.;  Beraldin, R.; Penha, F. G.; 

Pergher, S. B. C. Caracterização de argilas 

bentonitas e diatomitas e sua aplicação como 

adsorventes. Química Nova 2009, 32, 2064. 

[CrossRef] 
6
 Gillman, G. P. Charged clays: An 

environmental solution. Applied Clay Science 

2011, 53, 361. [CrossRef] 
7
 Sánchez, R. M. T.; Genet, M. J.; Gaigneaux, 

E. M.; Afonso, M. S.; Yunes, S. Benzimidazole 

adsorption on the external and interlayer 

surfaces of raw and treated montmorillonite. 

Applied Clay Science 2011, 53, 366. [CrossRef] 
8
 Matta, G. K. L.; Barros, M. A. S. D.; 

Lambrecht, R.; Silva, E. A.; Lima, O. C. M. 

Dynamic isotherms of dye in activated 

carbon. Materials Research 2008, 11, 365. 

[CrossRef] 

9
 Fernandes, A. N.; Almeida, C. A. P.; 

Menezes, C. T. B.; Debacher, N. A.; Sierra, M. 

M. S. Removal of methylene blue from 

aqueous solution by peat.  Journal of 

Hazardous Materials 2007, 144, 412. 

[CrossRef] [PubMed] 

10
 Iqbal, M. J.; Ashiq, M. N. Adsorption of 

dyes from aqueous solutions on activated 

charcoal. Journal of Hazardous Materials 

2007, 139, 57. [CrossRef] [PubMed] 
11

 Wu, F.; Tseng, R.; Huang, S.; Juang, R. 

Characteristics of pseudo-second-order 

kinetic model for liquid-phase adsorption: A 

mini-review. Chemical  Engineering Journal 

2009, 151,1. [CrossRef] 
12

 Avella, M.; Buzarovska, A.; Errico, M. E.; 

Gentile, G.; Grozdanov, A. Eco-Challenges of 

Bio-Based Polymer Composites. Materials 

2009, 2, 911. [CrossRef] 
13

 Gottipati, R.; Mishra, S. Process of 

adsorption of Cr(VI) on activated carbons 

prepared from plant precursors by a two-

level full factorial design.  Chemical  

Engineering Journal 2010, 160,  99. [CrossRef] 
14

 Anunziata, O. A.; Martínez, M. L.; 

Beltramone, A. R. Hydroxyapatite/MCM-41 

and SBA-15 Nano-Composites: Preparation 

Characterization and Applications. Materials 

2009, 2, 1508. [CrossRef] 
15

 Anaissi, F. J.; Demets, G. J.-F.; Toma, H. E.; 

Dovidauskas, S.; Coelho, A. C. V. 

Characterization and Properties of Mixed 

Bentonite-Vanadium(V) Oxide Xerogels. 

Materials Research Bulletin 2001, 36, 289. 

[CrossRef] 

16
 Rodrigues, M. G. F.; Silva, M. L. P.; Silva, M. 

G. C. Caracterização da argila bentonítica 

para utilização na remoção de chumbo de 

efluentes sintéticos. Cerâmica 2004, 50, 190. 

[CrossRef] 

17
 Anaissi, F. J.; Villalba, J. C.; Fujiwara, S. T.; 

Cótica, L. F.; Souza, C. R. L.; Zamora-Peralta, 

P. Caracterização e propriedades do material 

Đoloidal ŶaŶoestruturado β-

FeOOH/bentonita. Química Nova 2009, 32, 

2006. [CrossRef] 

18
 Vilar, W. C. T., Brito, A. L. F., Labordel, H. 

M., Rodrigues, M. G. F., Ferreira, H. S. 

Ativação térmica e caracterização da argila 

chocolate visando sua aplicação como 

adsorvente na remoção de níquel. Revista 

http://dx.doi.org/10.1016/j.jcis.2008.12.012
http://www.ncbi.nlm.nih.gov/pubmed/19150082
http://dx.doi.org/10.1016/j.molstruc.2010.08.006
http://dx.doi.org/10.1016/j.jhazmat.2008.12.080
http://www.ncbi.nlm.nih.gov/pubmed/19178998
http://dx.doi.org/10.1016/j.cej.2010.12.038
http://dx.doi.org/10.1590/S0100-40422009000800015
http://dx.doi.org/10.1016/j.clay.2010.06.025
http://dx.doi.org/10.1016/j.clay.2010.06.026
http://dx.doi.org/10.1590/S1516-14392008000300022
http://dx.doi.org/10.1016/j.jhazmat.2006.10.053
http://www.ncbi.nlm.nih.gov/pubmed/17125920
http://dx.doi.org/10.1016/j.jhazmat.2006.06.007
http://www.ncbi.nlm.nih.gov/pubmed/16849033
http://dx.doi.org/10.1016/j.cej.2009.02.024
http://dx.doi.org/10.3390/ma2030911
http://dx.doi.org/10.1016/j.cej.2010.03.015
http://dx.doi.org/10.3390/ma2041508
http://dx.doi.org/10.1016/S0025-5408\(01\)00496-2
http://dx.doi.org/10.1590/S0366-69132004000300004
http://dx.doi.org/10.1590/S0100-40422009000800005


Chagas, N. V. et al. 
 

 

Rev. Virtual Quim. |Vol 6|  |No. 6|  |1607-1623| 1623 

 

Eletrônica de Materiais e Processos 2009, 4, 

39. [Link] 

19
 Corcione, C. E.; Frigione, M. 

Characterization of nanocomposites by 

thermal analysis. Materials 2012, 5, 2960. 

[CrossRef] 

20
 Ahmad, A. L.; Loh, M. M.; Aziz, J. A. 

Preparation and characterization of activated 

carbon from oil palm wood and its evaluation 

on Methylene blue adsorption.  Dyes and 

Pigments 2007, 75, 263. [CrossRef] 

21
 Fonseca, M. G.; Airoldi, C. Híbridos 

inorgânico-orgânico derivados da reação de 

filossicatos com organossilanos. Química 

Nova 2003, 26, 669. [CrossRef] 

22
 Tagliaferro, G. V.; Pereira, P. H. F.; 

Rodrigues, L. A.; Silva, M. L. C. P. Adsorção de 

chumbo, cádmio e prata em óxido de nióbio 

(V) hidratado preparado pelo método da 

precipitação em solução homogênea.  

Química Nova 2011, 34, 101. [CrossRef] 

23
 Gomez, V.; Callao, M. P. Modeling the 

adsorption of dyes onto activated carbon by 

using experimental designs. Talanta 2008, 77, 

84. [CrossRef] 

24
 Al-Degs, Y.; Khraisheh, M. A. M.; Allen, S. 

J.; Ahmad, M. N. Effect of carbon surface 

chemistry on the removal of reactive dyes 

from textile effluent. Water Research 2000, 

34, 927. [CrossRef] 
25

 Al-Degs, Y. S.;  El-Barghouthi, M. I.; El-

Sheikh, A. H.; Walker, G. M.; Effect of solution 

pH, ionic strength, and temperature on 

adsorption behavior of reactive dyes on 

activated carbon. Dyes and Pigments 2008, 

77, 16. [CrossRef] 
26

 Arafat, H. A.; Franz, M.; Pinto, N. G. Effect 

of salt on the mechanism of adsorption of 

aromatics on activated carbon. Langmuir 

1999, 15, 5997.  [CrossRef] 
27

 Thomas, F.; Michot, L. J.; Vantelon, D.; 

Montargès, E.; Prélot, B.; Cruchaudet, M.; 

Delon, J. F. Layer charge and electrophoretic 

mobility of smectites. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects 

1999, 159, 351. [CrossRef] 

 

http://cct.ufcg.edu.br/revista/index.php/REMAP/article/view/117/126
http://dx.doi.org/10.3390/ma5122960
http://dx.doi.org/10.1016/j.dyepig.2006.05.034
http://dx.doi.org/10.1590/S0100-40422003000500014
http://dx.doi.org/10.1590/S0100-40422011000100020
http://dx.doi.org/10.1016/j.talanta.2008.05.049
http://dx.doi.org/10.1016/s0043-1354\(99\)00200-6
http://dx.doi.org/10.1016/j.dyepig.2007.03.001
http://dx.doi.org/10.1021/la9813331
http://dx.doi.org/10.1016/S0927-7757\(99\)00291-5

	Resumo
	Abstract
	1. Introduction
	2. Experimental
	3. Results and discussion
	4. Conclusion
	References

