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The main objective of this study was to evaluatadiige Yellow 4G-BF-200% dye removal process
through adsorption on smectite clays in their redfuthemically activated and thermally activatedris.

A solution of 20 mg/L of dye was prepared and tressnof smectite clay used was set at 0.2 g smectite
for each smectite clay employed. An adsorption titsewas developed according to %af&ctorial design

in which samples containing adsorbent and adsomsate submitted to finite bath assays in shaker IKA
KS 130-WEBER at room temperature (25°C), being cotetl at intervals of 0-600 minutes using NaCl
P.A, which patrticipates in the process of conduntiixation the trapping of the dye in the clay g®r
The results of 98.05, 86.4 and 95.1% were obtaasdemoval percentages for natural, chemically and
thermally activated smectite clays, respectivelhe§e results showed that chemical and thermal
activation were not efficient when compared witbules found for natural smectite clay, accordinght®
method used. Based on the kinetic results obtaiheths possible to test the Lagergren’s pseudst-fir
order and pseudo-second-order kinetic models,atterIbeing the most appropriate. The use of steecti
clay as adsorbent seems to be an efficient andoeuoally viable method for the treatment of textile
effluents.

Keywords: Smectite clay; adsorption; textile effitie

O objetivo principal deste estudo foi avaliar reatprocesso de remocdo Amarelo 4G-BF-200% de
corante através de adsorgdo em argila esmectiticauas formas naturais, ativado quimicamente e
termicamente ativados. Uma solugéo de 20 mg/L dente foi preparada e da massa de esmectita argila
utilizada foi fixado em 0,2g para cada argila demextita empregada. Uma cinética de adsorcéo foi
desenvolvida de acordo com uma Planejamento fa@fiam que as amostras contendo adsorvente e
adsorvato foram submetidas a ensaios de banho finittKA agitador KS 130-WEBER a temperatura

ambiente (25°C), sendo conduzida em intervalos-8600minutos usando NaCl PA, que participa no

processo de conducéo, o aprisionamento de fixagacorhnte nos poros de argila. Os resultados de
98,05, 86,4 e 95,1% foram obtidos como percentagenssmog¢&o para naturais, argilas de esmectita
guimicamente e termicamente ativadas , respectineEnd&stes resultados mostraram que a ativagdo
quimica e térmica ndo foram eficazes quando cordpareom os resultados encontrados para argila de
esmectita natural, de acordo com o método utiliz&tum base nos resultados cinéticos obtidos, foi

possivel testar a Lagergren de pseudo-primeiranoeipseudo-segunda ordem modelos cinéticos, sendo
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este (ltimo o mais adequado. A utilizagédo de adgla@smectita como adsorvente parece ser um método

eficiente e economicamente viavel para o tratamaetefluentes téxteis.
Palavras-chave: argila esmectita; adsorcéo; efuéntil

1. INTRODUCTION

Industrial effluents are a major cause of environtaepollution. Effluents discharged from
industries that use dyeing processes are hightyred|because dyeing and finishing processes
in the textile industry generate waste with higmteot of color and organic compounds.
Synthetic dyes are aromatic compounds that arepocated into various functional groups and
are widely used in textile, leather, paper, plaatid other industries. Some of these dyes may
pollute the environment and produce carcinogengaxid chemicals

Dyes are designed to resist rupture over time wdwgosed to sunlight, water, soap and
oxidizing agents. Due to their complex structurel aynthetic origin, they cannot be easily
removed by conventional physical, chemical or liaal effluent treatment processes such as
flocculation-coagulation, ozonation and aerobiapaerobic digestidn®. These processes are
expensive and may lead to the generation of slodgg-productd

Among the available physical methods, the adsanppimcess is one of the most efficient
methods for removing dyes from wastewaters, eslhedfathe adsorbent is inexpensive and
readily availabl® Activated carbon is the most widely adsorbentuse removing dye, but it
is very expensive therefore, many low-cost adsorbents have beguopaal as alternatives such
as pedt sepiolitgd’® bentonité*®  zeolitd®, montmorillonité®>, chitosan and
nanocompositg, and pine sawdu€t

Compared with other wastewater treatments, adsorptis separation and purification
technique has shown to be one of the most effeatdatively inexpensive methods for
removing dyes, offering some advantages such ds éfiiciency, simple operation and easy
recovery and reuse of the adsorbefit Adsorption is a powerful physicochemical prociss
the treatment of wastewaters, which involves thespa separation of adsorbate from an
aqueous phase onto a solid pas& After adsorption, the dissolved dye moleculesaatieered
on the adsorbent surface, and the depleted adgdoriagrbe recovered for reuse purposes.

The color removal efficiency is affected by manygibochemical factors such as type and
structure of the dye, chemical nature and properté the adsorbent surface, and most
importantly, the dye-adsorbent interaction. It lisoaaffected by operational conditions such as
the dye concentration, dosage of adsorbent, cotitaet solution temperature, pH, and ionic
strengti’.

Clays have high adsorption capacity due to themeléar structure that offers high specific
surface ared and the possibility of adsorbing ions and orgamitar molecules into particles of
the external site and in intercalary positiri&

This study evaluated the adsorption of textile deactive Yellow BF-4G 200% onto
natural, chemically activated and thermally acwedatsmectite clays. The dye chemical
structural is shown in Figure 1.
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Figure 1. Chemical structure of textile dye Reaetiellow BF-4G 200%.

Adsorption conditions such as rotational speedtamiriime and the mass of the fixing agent
(NaCl) were analyzed in this study. The fixing a@gerresponsible for conducting the dye to the
clay layers, thus being able to increase the catixghange capacity (CEC). The adsorption
capacity of clays used for this dye was also asgeassing the adsorption isotherm technique.

A 2° factorial design was used to examine possiblerdnt®ns and variations in the
adsorption process, which is of easy applicatiod produces satisfactory results, using a
smaller number of trials.

The experimental data were analyzed using the Laimgamd Freundlich isotherms, since
these models are the most used in literature ferptiocess under study to determine which
isotherm best represents the process carried ltubugh other adsorption isotherm models can
be tested, for example, the BET model (BraunauamEgt and Teller).

2. MATERIAL AND METHODS

2.1 Chemicals and reagents

The adsorbent used in this study was smectite atagined from the gypsum production
region of Araripe-PE (Brazil). Clay with particleze of 35 mesh was used in its natural,
chemically activated and thermally activated forms.

Chemical activation was performed by adding 0.258Q! (50% by volume) to a mass of
150 g of natural smectite clay. Then, the mixtueswexposed to sunlight for a period of about
30 days, considering that there was complete liguaporation.

The thermal activation was performed at 300°C fperod of 24 hours.

The dye Reactive Yellow 4G BF-200% was provided“t®@éu Azul” laundry, located in the
municipality of Toritama-PE (Brazil). The other gemts used were of analytical grade from
FMaia.

2.2 2*factorial design

Initially, 20 mg/L of dye Reactive Yellow 4G-BF 2@0solution at pH 6.47 was prepared.
The mass of smectite clay was fixed at 0.2 g fohesday used (natural, thermally activated and
chemically activated) and the other variables vagglied according to the? 2actorial design
based on results obtained’hyas shown in Table 1.
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Table 1: 2 Factorial design applied to the experiment.

Variables Levels

Lower (-) Center point (0) Higher (+)
NaCl (g) 2,0085 5,512 8,340
Rotation (rpm) 200 300 400

Assays were performed in duplicate. Each type @céite clay (natural, chemically activated
and thermally activated) was mixed with NaCl P.Addhe mixture was added of 50 mL of
synthetic dye. Then, the tests were carried ofihite bath shaker IKA KS 130-WEBER for a
total time of 5 hours.

After this time, the solutions were vacuum filtered millipore filter paper (Millipore
membranes). The final concentration of synthetituent was determined using a UV-Visivel
Genesys 2 spectrophotometer.

By means of spectrophotometric analysis, the péagenof color E removal (%) and the
maximum adsorption capacity (mg/g)for each clay studied were determined, according t
equations (1) and (2):

—_ (CO ~ Ce)
q N
w (1)

where G and G (mg/L) are the initial and final dye concentragoat equilibrium of phases,
respectively, V (L) is the dye solution volume, aNdg) is the adsorbent mass.

€5 09
| @)

whereC; is the initial dye concentration aflis the final dye concentration.

E% =

2.3 Kinetic study

From the results obtained with thé factorial design, a kinetic study for the threeysla
separately was developed. For this, 25 mL of a sblation with concentration equal to 20
mg/L (pH 6.47) was mixed with 0.2 g of clay and43g NaCl. The mixture was kept in
contact for a period from 0 to 600 minutes undeakstg at 200 rpm at room temperature
(25°C).

Upon completion of the tests, the samples were veth@nd filtered through a Millipore
membrane. Then, the final pH of the post-kinetickitton was measured in pH meter. The
kinetic efficiencies were assessed by measuringdyleeconcentration in the solution using a
spectrophotometer.

The investigation of a possible adsorption mechmanéd the pseudo-first-order and pseudo-
second-order adsorption models to be tested. Tétediider expression shown by Lagergfén
given by Equation (3):

a9 _ v (g -
dthQ q) "

in which g and q are, respectively, the amount of dye adsorbedhenatdsorbent (mg/g) at
equilibrium at time t, and ;kis the adsorption rate constant. Integrating Equoaf3), after
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applying the initial condition of,gr 0 at t = 0, the linear form in the equations g4 (5) is
obtained:

—a)=logq -kt
log(a. - q,)=logq, 2303 @
or
In(g.—q)=Ingq -kt (5)

From Equation (4) the straight IipeQ(qe_q‘)xtwas drawn, which slope of the line was
used to determine constant Khe expression of the second-order kinetic maglgiven by
Equation (6).

dt (6)

where k (mg.g'min™) is the second-order adsorption constant. Singjlatjuation (7) can be
obtained after integration to obtain the lineanfor

1_ 1 .t
=~ +—
g ka q )

The intersection of 1/gt against t was usedaloutate the second-order constapntkd the
slope of the line was used to calculatedTdpe initial adsorption rate h is given by Equat(8):

h=kq (8)

3. RESULTSAND DICUSSION
3.1 Factorial design

The values obtained in the factorial design foocoeemoval percentages were 96, 96.5 and
95.8% for natural, chemically and thermally actaghsmectite clays respectively. It was found
that the result obtained for the chemically acedatlay was slightly better than the others,
using 8.340 g of NaCl, and rotation of 200 rpm. Being the best result obtained in the
factorial design, they were used in the kineticlgtu

The results of the factorial design are shown guFas 2 and 3.
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Figure 2: a) Pareto chart for natural smectite cldy) chemically activated and c) thermally activchte
smectite clay
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Figure 3: a) Response surface for natural smeciig, b) chemically activated and c) thermally
activated smectite clay.

In the Pareto charts, values that exceed a referkme, i.e., those that correspond to the
confidence interval 95%, are significaht

The Pareto charts and response surface graphs sfadvthe NacCl factor is statistically
significant for natural and chemically activatedyd. In the case of thermally activated clay, it
was found that NaCl is not statistically signifitalh was also found that other factors such as
thermal activation may have been responsible fer higher efficiency in the adsorption
process, resulting in greater statistical signifeza
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3.2 Adsorption kinetics

Conducting adsorption studies of dye Reactive R2@ Using adsorbents montmorillonite
SWy-1, bentonite MX80 and Beidellite SBId® pbtained the following results for the
maximum adsorption capacity: 1.19, 2.8, and 2.7gnag/concentrations of 5, 15, 25 mg, L
respectively, while this study obtained 4.91, 488 4.77 mg/g.

The adsorption kinetics for the three smectite<kne shown in Figures 4 and 5.
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Figure 4: Removal percentage for the three clays
E -
15 4 o * » *
* A
] 'Y Fy
3,5 -‘A‘ ] |
3 _... u #Fresh clay
T 25 4 mChemically activated
2 A AThermally activated
1,5 4
1 u
0,5 -
EI T T T T T T 1
0 10 20 30 47 50 50 70
Time (min)

Figure 5: Maximum adsorption capacity for the thidays

The graphs show that the removal percentagen@dmum adsorption capacity increase
over time, reaching the adsorbent saturation cimmditom the time of 10 minutes.

There was a decrease in the final pH of the dyéebgblution. This reduction is due to the
reaction of GHgO; with a source of high-purity sodium (NacCl), proog-Na&CsH:s0; and HCI,
which is responsible for the decrease in pH, as wehoin reaction (1):

CsHgO; + 3 NaCl-> NagCsHsO; + 3 HCI (1)

The straight IineloQ(qe_q‘)xtindicates the invalidity of the Lagergren equatfon the
current system and also explain that the procedsai follow the pseudo-first-order kinetic
model.
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The best linearity was obtained for the pseudo+s@@vder model shown in Figure 6 for

natural, chemically and thermally activated clays, respectively.
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Figure 6: a) Pseudo-second-order model for natwrakctite clay, b) Pseudo-second-order for
chemically activated and c) Pseudo-second-ordetifermally activated smectite clay.

Based on the graphs that represent the psasdmd-order kinetics plotted for the three
smectite clays studied, the kinetic parameterghferdye removal were calculated, as shown in
Table 2.

Table 2: Parameters for the pseudo-second-ordestlds.

Clay Jeexp Pseudo-second-or der
(mg/g)
Qecal ko (mg/g.min) R?
(mg/g)
In-natura 137,28 136,98 0,1777 1
Chemically activated 136,43 136,98 0,01719 0,9999
Thermally activated 139,82 138,88 0,1705 1

With R values of 0.999, it was found that the pseudo-scwder model is the best for the
adsorption process under study.

3.3 Adsor ption isotherms
Previous studies using Langmuir isotherms camengatisfactory results. The profiles of

adsorption isotherms of textile dye Reactive Yelld&-BF 200% have been described by the
Freundlich model by means of Equation (9):
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— /n
qe - kf Ce (9)

where ¢ is the amount of dye adsorbed at equilibrium passrunit of smectite clay,.& the
dye concentration in the aqueous phase at equitiband constants n anddce the Freundlich
coefficients in the system. These constants indidhe adsorption capacity and intensity,
respectively. Equation (9) can be linearized byrtgkhe logarithmic form of Equation (10):

logq, = logk; +1 logC,
n (10)

The linear form of the Freundlich adsorptioati®rm is shown in Figures 7 for the three
smectite clays studied.
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Figure 7: Adsorption isotherms for natural smecttay, b) Pseudo-second-order for chemically
activated and c) Pseudo-second-order for thermadiyvated smectite clay.

Based on these isotherms, the Freundlich coeftifem the dye adsorption were calculated,
as shown in Table 3.



G. M. R. Filho et al., Scientia Plena 8, 079904120 10

Table 4: Freudlich coefficients for the dye adsmmpt

Clay Freundlich
kf n R2
(dm’g™)
Fresh clay 4,806 1,035 0,9655
Chemically activated 2,226 1,049 0,9531
Thermally activated 5,096 5,115 0,97

The Freundlich adsorption model is the one that beis studies conducted with the three
clays, with R2 values equal to 0.965, 0.854 and®@.f®r natural, chemically and thermally
activated smectite clays, respectively, with n gallequal to 1.035, 1.049 and 5.115 and

-1
K; (dn? g-7) of 4.806, 2.226 and 5.096, for natural, chemicaltivated and thermally
activated smectite clays, respectively.
According t¢® ?° the Freundlich equation is often used to dematestadsorption on solids
with heterogeneous surface and is often better tth@hangmuir equation for the adsorption of
cations and anions by clays.

4. CONCLUSION

The results obtained in this work, based on thdatorial design adopted, lead to the
conclusion that values of 96, 96.5 and 95.8% cpoeding to the removal percentage of
natural, chemically and thermally activated smeatlays, respectively, show that the activation
processes used did not effectively increased teBerption capacity of the smectite clay. Thus,
the use of natural smectite clay provided an effitiadsorption without costs generated by
activation.

The present study demonstrated that the smectite isl an effective adsorbent for the
removal of textile dyes in aqueous solutions.

It was found that the method used in this studylpeces satisfactory results when compared
to those obtained BY

Statistical analyzes have shown that NaCl is thatrstatistically significant variable for
natural, chemically and thermally activated smeatlays, confirming its role as agent that fixes
the dye in the clay pores. Several studies ondheidal properties of smectite clays in aqueous
suspension have shown that the addition of elgté®lreduces the electrostatic repulsion
between the residual charges present in the lehwe$o the ionic strength effect. Thus, there is
compression of layers, resulting in particles viaver swelling capacity and greater number of
associated leaves, so that the particle size isesed\ccordingly, the addition of an appropriate
amount of NaCl (0.5-1.0 mol 1) to clay suspensions accelerates the process rttles
assﬁolciation, with effects similar to those detedtedlays for a long times in the absence of
salt™.

The kinetic data have fit well to the Freundlicbti'erm and the kinetic model that best fitted
to the results was the pseudo-second-order model.
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