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ENHANCEMENT OF SORPTION OF THE AZOIC DYE (AZUCRYL RED)
BY NATURAL AND CALCINED HYPER-ALUMINOUS KAOLINS

Purpose. To remove of basic textile dye Azucryl Red (AR) from aqueous solutions using hyper-aluminous kaolins from Char-
ente deposits (France) in natural and calcined states.

Methodology. Batch interactive parameter pH, pH,,. contact time, dye concentration, adsorbent loading and temperature are
taken to obtain optimums for the AR adsorption process in natural and calcined kaolin named respectively Kca, Kcm, Ckea, and
Ckem.

Findings. The adsorption equilibrium was established in 7 min while the second-order kinetic model better described the ad-
sorption kinetics for all kaolins with the chemisorption process. The adsorption isotherm of the results obtained corresponds better
to the Langmuir model. The maximum quantity retained was 67.97 and 73.38 mg/g respectively for Kcm and Kca samples. More-
over, in the calcined state, the maximum quantity retained was 76.66 and 75.64 mg/g respectively for the calcined kaolin CKcm
and CKca samples for a temperature of 298 K and pH = 6. The thermodynamic nature of the adsorption process was determined
by calculating AH, AS and AG° values. The positive value of AH° confirms the fact that adsorption is endothermic spontaneous
which is enhanced at higher temperatures.

Originality. The heat treatments of the different kaolins at 400 °C enhance the adsorption process. Therefore, the results indicate

that g&k" / glkem > gCkea / g**. Ckem performed with the highest adsorption capacity in the removal of the dye, followed by Ckca.

Practical value. Adsorption processes of toxic Azucryl Red dye in the aqueous medium using natural and calcined hyper-alu-
minous kaolins at 400 °C were investigated. Optimization and modeling of the adsorption parameters with the theories by Lang-
muir, Freundlich and Elovich allowed us to find the optimal experimental conditions for sorption. Our results therefore indicate

that the adsorption process of Azucryl red dye from aqueous solutions was enhanced when calcined kaolin at 400 °C containing

organic matters was used.
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Introduction. Large amounts of dye wastewater have been
produced as a result of the overuse of synthetic dyes in numer-
ous sectors. A lot of them are made to be harmful and must be
disposed of carefully before being disposed of in the receiving
bins. Different kinds of dyes are employed in sectors including
the processing of chemicals, and the textile industry.

Lotfi, M., et al. [1] claims that to dye 1 kg of cotton with
reactive colors, 70 to 150 L of water, 0.6 kg of sodium chloride,
and 40 g of reactive dye are normally required. Due to the con-
tribution of toxicity, high organic load, and color-related aes-
thetic pollution, the effluents containing dyes are very colored
and seriously harm the ecosystem and human health during
the dyeing and finishing phases, especially with colored prod-
ucts where up to 20 to 30 percent of these applied dyes (ap-
proximately 2 g/L) are not fixed to the fabric [2]. The majority
of synthetic dyes contain aromatic azo groups, which are ex-
tremely harmful to the environment because of their muta-
genic, carcinogenic, and inert characteristics [3].
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Dye physicochemical, optical, and thermal stability as well as
resistance to traditional wastewater treatment are all products of
the complex aromatic structures [4]. Compared to anionic dyes,
cationic dyes are more poisonous [5]. One of the more well-
known cationic dyes is Azucryl Red (AR); its structure is depicted
in Fig. 1. It is extensively used in paper printing and textile dyeing.

Treatment of effluents using the adsorption method has
proven to be quite effective by using mass transfer to remove
dissolved components [6]. Whereas water recovery is crucial,
sorption is used in the textile, leather, dyeing, cosmetics, plas-
tics, food, and paper industries [7].

The sorption of organic molecules to an adsorbent de-
pends on various physical and chemical factors [8]. The fixing
of chromophore groups of dyes such as azo, anthraquinone,
triarylmethane, phthalocyanine, formazan, and oxazine, leads
to a covalent bond with the fiber, which gives them a good
solubility in water, disappearing in the dye. Those dyes resist
washing and exhibit good affinity [9]. The general formula of
these dyes is represented as ArN*RX~, with R~ radical alkyl,
X=Clor, Ar: phenyl radical [10].
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Fig. 1. Chemical structure of AR

Due to their large specific surface area, a variety of natural
adsorbents as Bentonite, montmorillonite, alunite, sepiolite,
zeolite, kaolinite, and diatomite have been studied to its uses
for the removal of dyes from wastewater. However, a dye with
an opposite ionic character will adsorb over a highly ionic sur-
face most effectively and quickly [11].

Kaolinite is a 1:1 aluminosilicate with an equidistance of
approximately 7A and is dioctahedral type (one in three octa-
hedral sites remains vacant) [1]. The three sites of the layer
octahedral are therefore filled with two aluminum cations and
the third site is incomplete. The position of vacant sites, allows
differentiating type 1 : 1 mineral kaolinite dickiteand nacrite.
The basal surfaces are of two types, consisting of either oxygen
ions organized in a hexagonal network, or OH in a compact
assembly [12].

A number of sorption-related factors, including contact
time, amount of adsorbent, initial pollutant concentration,
pH, and temperature were investigated. Three distinct kinetic
models for the dye’s adsorption are displayed. With the use of
the Langmuir, Freundlich, and Elovich isotherm models, the
equilibrium data are tested. This foundational research will be
useful in developing a batch adsorbed for the treatment of ef-
fluent containing dyes coming from dyeing industry.

The aim of this work was to investigate the potential ad-
sorption of cationic dye on hyper-aluminous kaolin naturally
rich in gibbsite and organic matters named Kca, Kcm respec-
tively. Calcination of the two kaolin at 400 °C named Ckca and
Ckem were also used in this study for the adsorption process of
the cationic dye. Calcination of the clays is part of the current
trends seeking to improve their surface area. These materials go
through physico-chemical changes that affect both the micro-
structure and the crystal structure of the various phases (dehy-
droxylation, amorphization, crystallization, allotropic trans-
formation, decarbonization) [12]. Calcinations of the two ka-
olins lead to the release of organic matter materials and gibbsite.

Materials and methods. Two French kaolins from Charente
basin were used in this study, namely Kca and Kem. They are
composed mainly by kaolinite associated with impurities such
as organic matter (Kcm), and gibbsite (Kca). The kaolins were
manually milled in a porcelain mortar, then sieved to 63 pm
sieve, and dried at 105 °C for 24 h. Analytical grade Azucryl
Red (C3sH,;BrNy) is provided by ALFADITEX (Algerian Tex-
tile company). The kaolins were subjected to calcinations in a
Nabertherm electric kiln furnace at 400 °C during 2 hours,
with a heating rate of 10 °C/min.

1. Mineralogical analysis of the raw materials were carried
out by X-ray diffraction (XRD) PANalytical powder diffrac-
tometer, monochromatic Cu-Kal radiation, of wavelength
% = 1.54 A and a counting time of 10 s per step. The diffracto-
grams were recorded from 5 to 80° (20) with a step of 0.01°.

2. Chemical composition of the kaolins was conducted by
X-ray fluorescence (XRF) PANalyticalPerl’X 3 XRF spec-
trometer.

3. The raw materials ( calcined and uncalcined) were pre-
pared and shaken for 24 h at 30 °C (Labwit ZWY-304); after
24 h, the dispersion was filtered through a Millipore 0.45 um
(2227366 — Millex syringe filter units); and the pH of the fil-
trate was determined with a Jenway 3010 digital pHmeter.

4. The dosage of dye solution is carried out using a UV —
visible spectrophotometer (PerkinElmer Precisel, Lamda-35)
at a wavelength of 543 nm.

5. The textural characterization is carried out by the ad-
sorption isotherms; the specific surface was obtained accord-
ing to the Brunauer-Emmett Teller (BET) method using
Quantachrome NOVA Win 2 Analyzer. The total pore volume,
average pore radius and micropores were obtained from the
adsorption isotherms of the materials. Mesopore volume is de-
termined by subtracting the micropore volume from the total
pore volume.

Experimental protocol. A quantity of 0.5 g of natural and
calcined Kaolin are introduced in Erlenmeyer flasks with
50 mL of (AR) solution at concentrations 20, 40, 60 and
80 (mg - L™"). To estimate the pH and PH .. of Kca, Kcm,
CKca and CKcm dispersion, the following procedure was ad-
opted. The pH of the solution was adjusted with 0.1 M for both
NaOH and HCI. The heterogeneous mixture was shaken at
300 rpm in a rotary shaker at 20 + 1 °C for 24 h to confirm that
sorption equilibrium was reached. A volume of 8 ml of the so-
lution (solid/liquid) was taken and centrifuged with centrifuge
at 5,000 rpm for 4 minutes. The floatables particles were then
filtered using a millipore filter of 0.45 um. The residual adsor-
bate concentrations are obtained by UV-Visible spectro-pho-
tometry for (AR) after establishing a calibration curve. All ma-
nipulations were executed in triplicate, the median values were
noted to represent a result, and all data was calculated. The
quantity (g,) of (AR) retained at the time (#) on the absorbent
is given by the following equation

Cc.-C
g ="t (M
m
where m is the mass of the clays (g); C; is the starting amount
of the colorant; C, is the amount of dye present at time ¢
(mg - L™"); Vis the total volume of the solution (L).

The efficiency of the adsorption reaction (% elim) is ex-
pressed by the ratio of the amount of (AR) adsorbed to the
initial amount of (AR) in the aqueous solution.

Cc.-C
%elim.= ’C -100, )

i

where C, (mg - L™') denotes the concentration of the (AR) in
the solution at a state of equilibrium and C; (mg - L") indicates
the initial concentration of the (AR) in the solution.

Technical methods. Dye concentration and removal capacity.
Stock solutions of Azucryl Red (C;3sH, BrNg) were prepared
by adding 1,000 mg of dye powder 1L of distilled water. The
stock dye solutions were precisely diluted to a range of initial
concentrations to obtain the son dye solutions. A maximum
absorbance of 534 nm was used to quantify the dye concentra-
tion colorimetrically.

By diluting a stock solution with a concentration of
100 mg/L at pH 2, 4, 6, 8 and 10, standard solutions with con-
centrations (AR) ranging from 0.1 to 5 mg/L were obtained.
These solutions were then evaluated at the wavelength (max
534 nm) corresponding to the maximum absorption of Azu-
cryl red. Absorbance and concentration of the sample were
plotted on a calibration curve of the dye solution to obtain an
absorbance—adsorbate profile at different pH.

Error analysis. Over the years, linear regression of the
isotherm model was commonly used to select the most suited
model; and the method of least squares has often been used
to discover the parameters of the models. Chi-square (x?)
test was employed as a criterion for the quality of fitting. This
factual investigation is based on the entirety of squares of
contrasts between test information and information inferred
from calculations, with each squared contrast being parti-
tioned by the comparing information inferred from calcula-
tions [13]. The equation can be utilized to represent the Chi-
square
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where g, was the equilibrium capacity (mg/g) derived from the
experimental data and g, was the equilibrium capacity (mg/g)
determined from the model whether experimental data and
model data were comparable. A small number shows that the
model’s data and the experimental value are comparable, but a
big value of x? highlights the discrepancy between the two. The
data set must be analyzed using the Chi-square test together with
the values of the determined coefficient (R?) in order to verify the
best-fit isotherms and kinetic models for the adsorption system.
Results and discussion. Chemical composition of the Kca
and Kcm samples used for sorption experiments is shown in
Table 1. The analysis has reported that the major phases of
samples composed mainly silica and alumina, which account-
ed for 82.53 and 76.08 % of Kca and Kcm respectively of the
total mass; such values are similar to those given by Lotfi Mou-
ni, et al., 2018 [1]. The content of Fe,0; is higher in Kem
(1.13 %) than in Kca (0.46 %), this gives a reddish to a dark
color to Kem sample; whereas, the color of Kca is white. Loss
on ignitions (L.O.I) of the two kaolin is higher than in ordinary
kaolin (~12 %); they are (20.74 %) for Kcm and (16 %) in Kca.
The X-ray diffraction patterns of kaolins showed that Kca
and Kcm contain the largest amount of kaolinite (85 and
80 %) respectively, the minor phases observed in Fig. 2, 4 are
rutile (2 %), gibbsite (12, 4 %) and organic matters (0.4,

13.6 %) in Kca and Kcm samples respectively. We noticed the
decomposition of the gibbsite after the calcination at 400 °C
for the two kaolins Kca and Kcm.

The specific surface area of the kaolins was measured using
the (BET) method and is 42.003, 13.988 m? - ¢! for Kca and
Kcm respectively shown in Figs. 2, C; and C, The correspond-
ing pore volume was approximately ~0.276 for Kca and
~0.226 cm®- ¢! for Kem in the saturation (p/p, = 0.985). The
average pore diameter calculated according to the (BJH)
method is ~10.4, 11.1 nm for Kca and Kcm respectively indi-
cating the mesoporous character of the clays. Indeed, the cu-
mulative pore area determined by the BJH method is (47.002,
16.867 m? - g7!) respectively for (Kca, Kem), it was greater than
that determined by the BET method, indicating that the clays
containing both mesopores and micropores [ 14].

Fig. 2, B shows DTA curves that illustrate many changes
that occur during the calcination of Kca and Kem. The dehy-
dration of gibbsite (AI(OH);) to produce a transition alumina
phase is responsible for the endothermic peak seen in the Kca
sample at about 295 °C. In contrast, the Kcm sample exhibits
an exothermic peak around 350 °C, which is due to the break-
down of organic maters.

Effect of contact time on AR removal. Fig. 3, a shows how
contact time affects the systems (AR) solution/Kca, Kcm,
CKca and Ckem. The testing was done in a batch manner. It
indicates that adsorption occurred after only a short time of
equilibrium, indicating that all adsorbents reduced (AR) from
water very instantly. After the 7 minutes, sorption slows down
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Table 1
Chemical and mineralogical compositions of the kaolin
Chemical compositions of the kaolin

O(";ges Sio, ALO; Fe,O, MnO MgO Ca0 Na,0 K,0 Tio, P,0s L.O.I
Kca 40.09 42.44 0.46 0.01 0.05 0.18 0.06 0.04 0.63 0.05 16.00
Kcem 43.17 32.91 1.13 0.13 0.01 0.47 0.06 0.50 0.80 0.10 20.74

Mineralogical compositions of the kaolin
Mlneralo(g%(;al phases Kaolinite Rutile Gibbsite Organic matters

Kca 85 2 12 0.4
Kem 80 2 4 13.6
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until equilibrium is achieved with adsorption capacities of 76.7
for Ckem, 75.6 for Ckca, 73.4 for Kca and 67.9 mg - g”! for
kem, respectively. Such values are significantly higher than
those that are reported by Hongxia, et al. [15]. Compared to
Kca, Kem provides better performance adsorption efficiency
after heat treatment; we have also observed a little increase in
the capacity. Heat treatment is recognized as a means of im-
proving the adsorption characteristics of raw kaolin.This ex-
plains the increase in the exchange force difference between
the concentration of the solution and the surface/interface of
the kaolin calcined and uncalcined in the first 7 min. The ad-
sorption speed becomes slow after equilibrium time due to the
increased competition of the active adsorption process.

Effect of pH and pHp;- on AR adsorption. The adsorption
behaviors of (AR) on the kaolin calcined and uncalcined were
studied over a wide pH range of 2—10 Fig. 4, a. The highest
sorption capacity was noted at pH = 10 for all simple Kaolin.
The most adsorption efficiency amounted to 99.09 mg - ¢! for
Ckca; such values are similar to those given by Lotfi Mouni
[1]. Comparing with Ckcm, Kca and Kem, we noticed a slight
decrease in the adsorption capacity (98.9, 97.5 and 91.02 %)
respectively. For kaolin Kca and Kcm, the point of zero charge
is estimated to be as 5.7 and 6 respectively (Figs. 4, ¢ and d).
However, we noted pHpy 5.4 and 6.4 for the samples Ckca
and Ckem respectively. Generally, at pH > pH p, the Kaolin
samples can acquire negative surface charges leading to a
stronger electrostatic attraction and positive auxochromic
groups of cationic dye (AR). Therefore, pH ~ 10 was obtained
to be the best solution pH for the removal of Azucryl red dye.
At pH < pHp,, the dye molecules carried a positive charge
and also the surface of the adsorbent [16].

Influence of adsorbent loading. Effect of the ratio dose
(Radsorbent/solution) varying from 0.5t0 2.0 g - L' on the dye
uptake is shown in Fig. 3, b. According to the results obtained,
the dye uptake (80 mg - g!) decreases with an increase in ka-
olin calcined and uncalcined dose, the maximum capacity of
removal dye was observed at R ratio 0.5g/L for Ckcm 400
(73.29 mg - g1, also Ckca 400 capacity (72.31 mg-g™') ap-
proach to Ckcm 400 to uptake dye, so the heat treatment

brought an upgrade in the efficiency of sorption capacity;
comparing with raw kaolin Kca and Kcm we noticed low ca-
pacity (67.83, 64.86 mg - g") respectively. Further, an increase
in adsorbent dosage above 0.5 g did not show any further im-
provement in (AR) dye removal. Therefore, 0.5 g was chosen
to be an optimum adsorbent dosage for further investigations.
This behavior can be explained by the agglomerations of crys-
tals when the ratio of adsorbent/solution increases [16].

Effect of initial basic dye concentration. From the results shown
in Fig. 3, d of experiments dye concentration varies from 20 to
80 mg - L. Dye removal tended to increase when the initial dye
concentration increased until reaching an elimination rate (76.64
and 75.62 mg - g ') for Ckem and Ckca respectively at 80 mg - g”!
of dye concentration. The greatest adsorption was shown by the
raw kaolin Kca and Kcm 67.83 and 64.86 mg - g' respectively.
This may be attributed to the greater concentration gradient that
acts as an actuation to move the (AR) dye molecules toward active
adsorption sites in heat-treated kaolin. Feriel, et al. [11] founds
results similar to these values at 400 °C of calcination.

Effect of temperature. Batch adsorption tests in the tem-
perature range of 293—345 K were carried out to study the im-
pact of temperature on the sorption abilities of raw kaolins and
calcined kaolins for (AR). The results are given in Fig. 3, ¢. All
simple kaolins have been found to have an increased adsorp-
tion capability with rising temperatures. The fact that the vis-
cosity of the solution reduces with rising temperature made
this behavior obvious. This is advantageous for the succeeding
sorption stages of transfer to the outside and dispersion of the
adsorbate within the adsorbent solid. This rise is probably due
to: a) the increase in the mobility of the dye, allowing it to
cross the pores of the sample; b) the rise in the chemical rela-
tionship between the adsorbate and the surface functionalities
of the adsorbent; c) the variation of chemical potentials, cor-
related to the solubility of the adsorbed species.

Adsorption isotherm. Three well-known models, the
Freundlich, Langmuir [17], and Elovich isotherms, were used
to illustrate dye-clay interaction in this research in order to
evaluate the interaction between adsorbate molecules and ad-
sorbent surface.
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a — effect of contact time; b — effect of ratio R (M gsorpenyy Vsowrion) 0N the adsorption capacity; ¢ — influence of temperature on AR dye removal effi-
ciency; d — effect of the mass of adsorbent on the amount of AR adsorbed
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Freundlich isotherm. The model can be expressed as
ge =K Cl". )

It can be linearized by

logg, =logK +llogCe, (5)
n

where C, is the concentration of dye solution at adsorption
equilibrium (mg - L™); g, is the quantity of dye adsorbed per
unit of adsorbent; KF (mg'~/71'/"g~1) and n are the constants
of Freundlich. This model can be described as a physical pro-
cess and is favorable if # is greater than unity.

Langmuir isotherm. The Langmuir isotherm is based on
the notion that the monolayer coverage and the adsorbent are
structurally homogenous. The model can be expressed as

1 1
et ®)
qe qmax K Lqmax
The linearized equation is
1 1 1 1
— (7)

qe qm KLqm Ce
where K] is the constant of Langmuir (I mg™'); g,, is the maxi-
mum quantity of adsorption necessary to completely cover a
monolayer on the adsorbent surface (mg - g'). The linear plot
of 1/C, vs 1/g, can be applied to calculate the Langmuir con-
stants KL and g,,. According to [17], the equitable adsorption
of the Langmuir isotherm may be defined in terms of the equi-
librium parameter R;, which is a dimensionless constant sepa-
ration factor.

R, = L ,

1+K,C,

where C;(mg-17") is the initial (AR) concentration. The parameter
values may be roughly divided into four categories, which repre-
sent the isotherm’s shape: R; > 1 indicates an unfavorable iso-
therm; R; = 1 indicates a linear isotherm; 0 < R; < 1 indicates a
favorable isotherm, and R; = 0 indicates an irreversible isotherm.

®)

Elovich isotherm. The Elovich isotherm is expressed by the
following relation

—de

Je ~ K, Cpe® )
9
The equation can be linearized as
1n["e] - 1n(1<eqm)—["e], (10)
ce qm

where ¢g,, (mg - g™") is the maximum quantity adsorbed per unit
mass of the adsorbent; K, (L - mg™') is the constant of Elovich.

As illustrated in Fig. 5, the linear regression of Langmuir
Fig. 5, a, Freundlich Fig. 5, b and Elovich Fig. 5, ¢ for the
adsorption of (AR) onto natural (Kcm, Kca) and calcined ka-
olin (CKcm, CKca), is well fitted to the linear Langmuir iso-
therm. When the Langmuir model (Table 2) was used to de-
scribe the adsorption of Azucryl red onto natural kaolin and
calcined kaolin. The high value of R, > 0.990 and smaller val-
ues of y? were observed for all kaolins in the Langmuir model.
The maximum adsorption capacity ¢, was 94.76 and
86.28 mg - ¢! onto calcined Kaolins Ckem, Ckca respectively
for the Langmuir model indicating the homogeneous active
sites and monolayer coverage of AR onto the kaolins surface.
The Freundlich coefficient value 1/n (indicative of favourabil-
ity when 0.1 < 1/n < 1) is more favorable in Ckecm and Ckca
(Table 2) compared with natural kaolins. Therefore, the
Freundlich model is still a good model to describe the adsorp-
tion data. However, the R? and y? values of Elovich are close to
the R? and y? values in the Freundlich model, which shows
poor linearization compared to the Langmuir isotherm for
natural and calcined clay.

Thermodynamic analyses. Thermodynamic parameters
were determined as follow

AG°=AH —AH - T. (11)
And the van’t Hoff equation as
AS°® AH®
InK, =————, 12
‘" R RT 12
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Table 2
Constants for both models of adsorption: Langmuir, Freundlich and Elovich for natural and calcined kaolin
Material Langmuir Freundlich Elovich
K, G R x Ky 1/n R x G K, R x

Kca 1.438 78.248 0.992 0.220 39.815 0.418 0.978 0.407 9.755 0.301 0.964 0.482
CKca 1.160 86.281 0.994 0.221 40.372 0.326 0.969 0.587 29.656 0.176 0.974 0.423
Kem 2.309 85.697 0.994 0.205 17.620 0.584 0.970 0.426 46.274 0.07 0.976 0.406
CKem 0.191 94.763 0.994 0.222 51.901 0.385 0.973 0.401 26.329 0.231 0.963 0.534

where K, is the equilibrium constant, which is the difference
between the equilibrium concentration of basic dye in solution
and the equilibrium concentration of those ions attached to
the adsorbent; 7 is the adsorption temperature in Kelvin; R is
the constant gas ideal. The values of AH® (kJ - mol™') and AS®
(J mol™' - K™") are determined from the slope and intercept of
the van’t Hoff plots, and the plot of In K, vs 1/T should result
in a straight line (Fig. 4, b). The endothermic adsorption pro-
cess is shown by the positive values of AH® in Table 3. The
negative values of AG° showed that for the natural and calcined
kaolin samples adsorbent was successful, indicating spontane-
ous adsorption in removing AR dye from the aqueous phase,
and, as anticipated, performed favorably in comparison to
other clay materials [1].

Adsorption kinetics. Different Kinetic models are used to
investigate the mechanisms of the Azucryl red adsorption pro-
cess on the surface of kaolin.

Pseudo-first-order kinetic model. The differential equation
that corresponds to this model is defined as

In(g.— g, =1n(g.) - Ky, (13)

where ¢, and g, are the quantities of Azucryl red adsorbed
(mg - g™ at equilibrium; at time 7 (min), respectively; K| is the

adsorption rate constant (min~"). The values of K; and ¢, were
calculated from the slope and the intercept of the plots of
In (g, — g,) as a function of (7) respectively at different kaolin,
Fig. 6. As shown in Table 4, the first-order kinetic curves of all
kaolin did not fit well the data with a low R? value (R? < 0.97)

cal

and the calculated value of ¢; does not agree with the ¢g.**.
It may be concluded that the kinetics of Azucryl red adsorp-
tion on all kaolins (natural and calcined) does not follow the
pseudo-first-order kinetic model [16].

Pseudo-second-order kinetic model. The sorption kinetics
of the pseudo-second-order model is as follows

ot 1

=—t
g 4. Ky(@q,)

where K, (min™' - g - mg™') is the adsorption rate constant of
the pseudo-second-order adsorption rate. The value of g, and
K, can be obtained from the slope and the intercept of the plot
of (#/q,) versus f respectively where K, (min™'- g - mg™") is the
adsorption rate constant of the pseudo-second-order adsorp-
tion rate. Table 5 displays the computed values for k,, ¢,, and
the related regression coefficient (R?) values. The regression
coefficient’s value of the sorption for Azucryl red by Kca, Ckca

14

1

Table 3
Thermodynamic parameters for adsorption of AR on natural and calcined kaolin
. AG° (J - mol™)
Material AH° (kJ -mol™) | AS° (J mol™- K! R
atenia 293 (k) 306 (k) 321 (k) 345 (k) (kI mol™) (Jmo )
Kca -5,305.51 -5,969.02 —6,762.22 -8,151.18 10.74 54.65 0.996
Kca 400 —6,966.97 —-7,884.32 -8,856.05 -10,492.53 12.81 67.54 0.999
Kem —4,470.25 -5,387.49 —6,380.76 -7,999.32 15.35 67.71 0.997
Kem 400 —7,662.78 —-8,598.71 -9,792.05 —11,743.15 15.42 78.64 0.999
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and Kcm, Ckcem is nearly unity (0.99) as shown in Fig. 7.
However, demonstrating that the compound’s sorption kinet-
ics is consistent with a pseudo-second-order mechanism. Ta-

ble 5 further shows that the estimated ¢ values are extreme-

ly similar to the ¢;*® that was achieved experimentally. Thus,
it can be inferred that a pseudo-second-order kinetic model
may explain the adsorption of Azucryl red on kaolins more ef-
fectively than a first-order kinetic model, and the process is
chemisorption managed [18].

The following relationship explains how intra-particle dif-
fusion resistance affects adsorption

q,=Kut* + C, 15)

where g, is the amount adsorbed at time t; %7 is the square root
of the time; K}, is the rate constant of intra-particle diffusion;
Cis the intercept that represents the boundary layer thickness.

As shown in Fig. 8, the curves do not pass by the origin; this
indicates that intra-particle diffusion is not the only phase that
determines the sorption kinetics of (AR). This corroborates the
hypothesis that the ions absorb on the adsorption sites present on
the surface of the solid (mesopores). According to the intra-par-
ticle diffusion rate constants (Table 6), the film diffusion takes

place simultaneously with intra-particle diffusion. Thus, both
can be considered as the rate-controlling steps of the adsorption
for natural and calcined kaolins studied in this work [19].

Conclusion. The efficiency of the basic dye adsorption on
calcined kaolins (400 °C) was confirmed. Different parameters
such as initial concentration of dye (20 to 80 mg - L"), pH (2
to 10)9 ratio R (madsorbent/Vsolution) (Oa 5to2 g Lil) and tempera-
ture (20, 33, 48 and 72 °C) were optimized in order to obtain
the best operating conditions of Azucryl red (pH =6, T =
=25°C, Ry, = 0.5 g/L, Cy = 80 mg/L and contact time =
=60 min). After the first 7 minutes, sorption slows down until
equilibrium is achieved with adsorption capacities of 76.7 for
Ckem, 75.6 for Ckcea, 73.4 for Kca, and 67.9 mg - g”! for Kem.
The adsorption isotherm of the results obtained corresponds
better to the Freundlich model. The maximum quantity re-
tained was 76.66 and 75.64 mg/g respectively for the calcined
kaolins CKcm and CKca, which really illustrates the efficiency
of heat treatment at 400 °C in sorption of basic dye (Azucryl
Red).

The pseudo-second-order model equation provided a
good description of the adsorption kinetics. The Langmuir
model successfully adjusted an adsorption isotherm. The pro-
cess of adsorption for natural and calcined kaolin is managed

Table 4
Parameters of the kinetic pseudo-first-order model for the adsorption of AR on the natural and calcined kaolin
Pseudo-first order model
1 Kca Ckcea Kem Ckem
C; L
U (mg ) q:xp qeca/ Kl RZ qeexp q;‘al Kl RZ qsxp qgal Kl RZ qeexp q:al Kl RZ
20 19.87 | 106 0.03 0.96 | 19.80 | 0.77 | 0.04 0.81 18.89 | 0.95 0.03 | 0.95 19.8 | 0.93 | 0.04 | 0.81
40 36.65 | 0.83 0.03 096 | 37.74 | 1.15 | 0.06 0.83 | 35.66 | 1.02 0.03 | 0.97 | 38.73 | 0.78 | 0.04 | 0.95
60 52.27 | 0.54 | 0.04 0.81 | 56.72 | 0.9 0.04 | 096 | 51.15 | 0.39 | 0.04 | 0.62 | 57.69 | 0.7 | 0.03 | 0.84
80 73.38 | 0.56 0.03 0.75 | 75.64 1 0.05 0.86 | 67.98 | 1.06 0.04 0.8 | 76.66 | 0.63 | 0.02 | 0.72
Kca Ckea
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Fig. 6. Plots of the pseudo-first-order model for the adsorption of AR on the Kcm, CKcm, Kca and CKca
Table 5

Parameters of the kinetic pseudo-second-order model for the adsorption of AR on the natural and calcined kaolin

Pseudo-second order model
Kca Ckca Kem Ckem
Ci (mg Lfl) qeexp qecal K2 R2 qeexp qeca[ K2 RZ qjxp qecal K2 RZ qeexp qecal K2 RZ
20 19.87 | 19.93 | 0.11 0.99 | 19.80 | 19.84 | 0.16 | 0.99 | 18.89 | 18.94 | 0.12 | 0.99 | 19.8 | 19.86 | 0.14 | 0.99
40 36.65 | 36.68 | 0.13 | 0.99 | 37.74 | 37.82 | 0.15 | 0.99 | 35.66 | 35.72 | 0.12 | 0.99 | 38.73 | 38.86 | 0.17 | 0.99
60 52.27 1 52.30 | 0.22 | 0.99 | 56.72 | 56.75 | 0.13 | 0.99 | 51.15 | 51.23 | 0.32 1 57.69 | 57.7 | 0.16 | 0.99
80 73.38 | 75.98 | 0.19 1 75.64 | 75.7 | 0.14 | 0.99 | 67.98 | 68.02 | 0.12 | 0.99 | 76.66 | 76.68 | 0.17 | 0.99
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Fig. 7. Plots of the pseudo-second-order model for the adsorption of AR on the Kem, CKem, Kea and CKca

Table 6
Intra-particle diffusion rate constants for the adsorption of AR on the natural and calcined kaolin
Intra-particle diffusion model
Kca Ckca Kem Ckem
C;(mgL™) Ky C R Ky C R Ky C R Ky C R
20 0.15 18.68 0.97 0.12 18.87 0.78 0.14 17.78 0.93 0.12 18.89 0.95
40 0.12 35.66 0.96 0.13 36.8 0.91 0.14 34.53 0.99 0.11 37.98 0.95
60 0.08 51.60 0.78 0.12 55.70 0.97 0.08 50.57 0.51 0.11 56.77 0.79
80 0.09 72.62 0.72 0.12 74.70 0.96 0.19 66.51 0.71 0.10 75.78 0.74
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Fig. 8. Plots of the intra-particle diffusion model for the adsorption of AR on the Kem, CKem, Kca and CKca

in chemisorption. The values of AG® indicate that the adsorp-

tion process is spontaneous. The positive values of both AH
and AS°show that the adsorption process is endothermic.
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The results indicate that g°

kcm/chm > quca/cha Ckem
e e e *

sample presents the highest adsorption capacity in the removal
of the dye, followed by Ckca. It can be concluded that the heat
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treatment has a positive effect on the enhancement of adsorp-
tion performance, due to the combustion of organic matters in
Kcm and the release of gibbsite in kca.
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Meta. BuitydeHHSI OCHOBHOTO TEKCTUJILHOTO OapBHUKA
Azucryl Red (AR) i3 BomHUX pO3UMHIB 3a I0TIOMOTOIO Tirnepa-
JIIOMiHi€BUX KaoJiHiB pomouil llapantu (Ppaniis) y mpu-
POIHOMY Ta IIPOrapTOBAHOMY CTaHi.

MeTtoauka. 3 METOI0 OTPUMaHHSI ONTUMAJIbHUX 3HAYEHb
rnmapameTpiB npoiiecy aacop06ilii AR y npuponHomy Ta mpo-
rapToBaHOMY KaoJliHi 3 BignmoBigHuMmu Ha3BamMu Kca, Kem,
Ckca Ta Ckcm, BUKOPHUCTOBYBAJIM iHTEPaKTUBHI MapaMeTpu
pH, yac konrakty pH,,., KOHUEHTpallit0 6apBHMKA, 3aBaHTa-
JKEHHS aficOpOCHTY i1 TeMITepaTypy.

PesyabraTn. AncopOuiiiHa piBHOBara Oyjia BCTAHOBJIEHA
3a 7 XB, a KiIHETUYHA MOJIEJTb APYTOTO MTOPSIAKY Kpallle OIrca-
Jla KIHETUKY aIcopOlIii BCiX KaOJIiHIiB Y Ipolieci XeMOCcopOLii.
[3oTepma amcopO1iii oTprMaHMX pe3yIbTaTiB Kpallle BiIMmoBi-
nae moneni Jlenrmiopa. MakcuMalibHa YTpUMYBaHa Kijlb-
KicTh cTaHoBwia 67,97 i 73,38 mr/r BiInmoBigHO y 3pa3kax
Kcem i Kca. KpiM Toro, y mpokajieHOMy cTaHi MaKCUMabHa
yTpUMyBaHa KiUIBKICTh cTaHOBMIa 76,66 i 75,64 Mr/T Bigmo-
BimHO juis1 TipokajieHux 3pas3kiB KaojiiHy CKcem i CKca 3a
temneparypu 298 K i pH = 6. TepmonuHaMiuHy Tpupomy
Mpolecy aacopOlii BUSHAYIU IUISIXOM PO3PaxXyHKY 3HaYeHb
AH, AS i AG°. T1lo3utuBHe 3HaYeHHST AH° CBIiTUWTH TIPO Te,
IO aJICOPOLIisl € EHAOTEPMIUHO CITOHTAHHOIO, SIKa MOCUITIO-
€ThCS TP TTABUILECHHI TEMIIEPaTypu.

Haykosa HoBu3Ha. TepMiuHa 06poOKa pi3HUX BUIIB Kao-
niniB ipu 400 °C nmocwtioe potiec aacopoitii. Tomy pesynnb-
TaTH MOKa3yIoTh, 1o ¢ /gkm > &< /g Ckem npoxe-
MOHCTPYBaB HalBUIILy aacopOLiliHy 31aTHICTb Y BUAAJIEHHI
bapBHUKa, 32 HUM ciigye Ckca.

IIpakTiyna 3HauumicTs. JlocimkeHi mpoiecu aacopOuii
ToKcH4Horo 6apBHuka Azucryl Red y BomHOMY cepenoBuILi
i3 3aCTOCYBaHHSIM MPUPOIHOIO Ta MPOTapTOBAHOTO Tilepa-
moMiHieBux KaouiHiB ripu 400 °C. OnTumMizallist it Moaeo-
BaHHS TMapaMeTpiB ancopOllii 3a 10roMoroio Teopiit JleHr-
Miopa, ®peitHmwrixa ta EjxoBuya m03BOIMIM 3HANTH OMNTH-
MaJIbHi €KCTIepUMEHTaIbHI YMOBU aficopO1ii. Takum ynHOM,
Halli pe3yJabTaTh CBigyaThb MPO Te, IO Tpolec aacopOLii
6apBHMKa Azucryl Red i3 BOTHUX pO3YMHIB yIOCKOHATIOETh-
csl TIpU BUKOpUcTaHHI mporaproBaHoro npu 400 °C kaouiny,
1110 MiCTUTh OPraHiYHi pEYOBUHU.

KurouoBi cnoBa: kaoninu, llapanmceokuii 6aceiin, npoeap-
moeari copbenmu, bapsnux Azucryl Red, adcopbuis, naeéxo-
AUUHE cepedosuuie
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