Erzincan Universitesi Erzincan University

Fen Bilimleri Enstitiisii Dergisi Journal of Science and Technology
2023 16(1), 28-48 2023 16(1), 28-48
ISSN: 1307-9085, e-ISSN: 2149-4584 DOI: 10.18185/erzifbed.1166024
Aragtirma Makalesi Research Article

Chamotte Clay: A Natural Adsorbent for Separation and Preconcentration of
Aluminium

Raif ILKTAC

Application and Research Center for Testing and Analysis, University of Ege, 35100 Bornova, Izmir, Tiirkiye

Received: 25/08/2022, Revised: 26/01/2023, Accepted: 01/03/2023, Published: 31/03/2023

Abstract

The adsorption behavior of aluminium ions on chamotte clay has been studied in this study. Chamotte clay has
been used for the first time for determination of trace levels of aluminium in aqueous solutions. Quantitative
adsorption and recovery of aluminium were both rapid and reached an equilibrium in 30 minutes. Aluminium
was detected based on the formation of the highly fluorescent Al(l11)-morin complex. Two linear calibration
graphs were obtained in the range of 0.5-10 pg L and 10-100 pg L with the detection limits of 0.12 ug L*
and 1.12 pg L2, respectively. Chamotte clay was characterized by scanning electron microscope coupled with
energy-dispersive X-ray spectroscopy, energy dispersive X-ray fluorescence and X-ray photoelectron
spectroscopy techniques. Different isotherm models were evaluated and the results showed that the adsorption
study was fitted to Freundlich isotherm and a favorable and multilayer adsorption of aluminium was occurred
on the heterogeneous surface of the chamotte clay. Thermodynamic and kinetic parameters of aluminium
adsorption were also investigated. Various experimental parameters were optimized and the method has been
applied to tap and bottled drinking water samples and quantitative recoveries were obtained. The results
demonstrated that the chamotte clay, as a natural clay, was expected to be a promising adsorbent for the
determination and preconcentration of the trace levels of analyte in real samples.
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Samot Kili: Aliiminyumun Ayrilmasi ve Onderistirilmesi icin Dogal Bir Adsorban

Oz

Bu ¢alismada aliiminyum iyonlarinin samot kili izerine olan adsorpsiyon davranigi incelenmistir. Samot kili,
sulu ¢ozeltilerde eser miktarda aliiminyumun tayini igin ilk kez kullanilmistir. Aliiminyumun kantitatif
adsorpsiyonu ve geri kazanimi hizli olup 30 dakikada dengeye ulasmistir. Aliiminyum, floresan 6zellik gosteren
Al(I11)-morin kompleksinin olusumuna dayali olarak tespit edilmistir. Calismada, 0.5-10 pg L ve 10-100 pg
L araliginda, sirasiyla 0.12 ug Lt ve 1.12 ug L? belirtme simurlari ile iki ayr lineer kalibrasyon grafigi elde
edilmistir. Samot kili, taramali elektron mikroskobu—enerji dagilim spektroskopisi, enerji dagilimli X-1g1n1
floresans ve X-isin1 fotoelektron spektroskopisi teknikleri ile karakterize edilmistir. Farkli izoterm modelleri
incelenmis ve sonuglar adsorpsiyonun Freundlich izotermine uydugunu ve samot kilinin heterojen yiizeyinde
aliminyumun ¢ok katmanli adsorpsiyonunun gergeklestigini gostermistir. Aliiminyum adsorpsiyonuna iliskin
termodinamik ve kinetik parametreler de incelenmistir. Cesitli deneysel parametreler optimize edilmis ve
yontem musluk ve siselenmis icme suyu numunelerine uygulanmig ve nicel geri kazanimlar elde edilmistir.
Sonuglar, dogal bir kil olarak samot kilinin, gercek Orneklerde eser miktarda analitin belirlenmesi ve
onderistirilmesi i¢in umut verici bir adsorban olmasinin beklendigini gostermistir.

Anahtar Kelimeler: aliiminyum, ayirma, kil, adsorpsiyon, floresans

*Corresponding Author: raifilktac@gmail.com 28
Raif ILKTAC, https://orcid.org/ 0000-0001-8727-5143


https://orcid.org/0000-0001-8727-5143

Chamotte Clay: A Natural Adsorbent for Separation and Preconcentration of Aluminium

1. Introduction

Aluminium is the most abundant metal and the third most abundant element after oxygen and
silicon in the Earth’s crust [1,2]. Aluminium has a wide range of applications such as food
packaging and drinking materials, electrical wires and metal equipments, construction and
machinery [3,4]. The excessive use of aluminium has resulted in contamination of food,
environmental or biological samples. Aluminium mainly enters the human body through the
consumption of food and water [5] whereas WHO set the tolerable value of aluminium in
drinking water to 0.2 mg L™ [6]. Studies over the last decade reveal that aluminium accumulates
in internal organs and excessive levels can cause harmful effects to lungs and kidneys [7,8].
Parkinson’s and Alzheimer’s diseases are also linked to overdose of aluminium in the human
body [9-11]. Thus, separation and quantitative determination of trace levels of aluminium in
aqueous samples is crucial.

Several instrumental methods including atomic absorption spectrometry (AAS) [12]
inductively coupled plasma-mass spectrometry (ICP-MS) [13] and inductively coupled plasma
atomic emission spectrometry (ICP-AES) [14] have been used for the determination of
aluminium in different types of samples. Aluminium can also be determined by electrochemical
[15] and spectroscopic methods such as spectrophotometry [16] and spectrofluorimetry [17].

Fluorimetric sensing systems have been widely used for the determination of different metal
ions due to their high sensitivity, selectivity, rapidity and simplicity [18,19]. Highly sensitive
fluorimetric analysis of aluminium is mainly based on the formation of fluorescent complexes
with different reagents including morin [20,21], lumogallion [22], 8-hydroxyquinoline [23] and
different Schiff bases synthesized in the laboratory [24,25]. However, determination of trace
levels of analyte in real samples is very difficult due to matrix effects and the lack of detection
limits of instruments. Therefore, preconcentration of aluminium before its determination is
essential and necessary.

Numerous of organic and inorganic adsorbents have been used for the separation and
preconcentration of metal ions [26-29]. Especially over the last decade, natural adsorbents have
been widely used in metal ion analysis [30,31]. Among the natural adsorbents, different types
of natural clay are attracting attention, for their non-toxicity, stability, low-cost and abundance
[32]. Kaolinite [33,34], montmorillonite [35,36], vermiculite [37] and bentonite [38-39] are
some of the natural clays which were used as adsorbents for the separation and detection of
different metal ions. In the literature, it was reported that chamotte clay was used for the palm
kernel biodiesel purification [40] and adsorption of lead(ll) [41]. However, to the best of my
knowledge, a method based on the usage of chamotte clay for separation, preconcentration and
determination of aluminium has not been proposed yet.

This study focuses on the development of a method based on the preconcentration and
determination of aluminium using chamotte clay. Chamotte clay was used in this study for the
first time for separation and determination of aluminium in aqueous samples. Separation and
preconcentration of aluminium with the usage of chamotte clay was combined with
spectrofluorimetric detection based on the highly fluorescent aluminium(I11)-morin complex

29



Chamotte Clay: A Natural Adsorbent for Separation and Preconcentration of Aluminium

which provides high sensitivity for the detection of aluminium. The adsorbent was
characterized using energy dispersive X-ray fluorescence spectroscopy (EDXRF), scanning
electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDX) and X-ray
photoelectron spectroscopy (XPS). Kinetics and the thermodynamic parameters of the
adsorption were also evaluated. Various experimental parameters were optimized and the
developed method has been successfully applied to aqueous samples for determination of trace
levels of aluminium.

2. Materials and Methods
2.1. Materials

AI(NO)3.9H20, FeCl,.4H.0, FeCls.6H.0, HCI, HNOs;, CH3COOH, NaOH and absolute
ethanol were purchased from Merck (St. Louis, MO, USA). Chamotte clay was obtained from
a local company (Desmark, lzmir, Turkey). Morin hydrate were purchased from Fluka
(Portland, OR, USA). Ultrapure water was used in all studies (Millipore, Bedford, MA, USA).

1000 mg L™t stock standard solution of aluminium was prepared by dissolving the appropriate
amount of AI(NO)3s.9H20 in 10 mL ultrapure water. 100 mg L™ morin solution was prepared
by dissolving appropriate amount of morin hydrate in 50 mL absolute ethanol. Working
standard solutions were prepared daily by diluting the stock standard solution with ultrapure
water. All solutions were stored at 4°C in refrigerator.

2.2.Instrumentation

Fluorimetric determination of aluminium was carried out with a RF-5301 PC
spectrofluorometer (Shimadzu, Japan). Energy dispersive X-ray fluorescence (EDXRF)
spectrometer was used for determining the elemental composition of chamotte clay (Rigaku,
Japan). Apreo S LoVac model scanning electron microscope (SEM) coupled with energy-
dispersive X-ray spectroscopy (EDX) was used for determining the morphology and elemental
analysis of the adsorbent (Thermoscientific, USA). For SEM analysis, the sample surfaces were
coated with gold and the surface was made conductive under vacuum. SEM images were taken
at different magnification rates with an acceleration voltage of 20 kV. X-ray photoelectron
spectra (XPS) were recorded on a Thermo Scientific K-alpha X-ray photoelectron spectrometer
(ThermoFisher, E. Grinstead, UK). A AV264 model balance was used for weight measurements
(Ohaus, USA). pH meter was used for measuring and adjusting the pH of the solutions (Hanna
Instruments, Woonsocket, RI, USA). All experiments were carried out in a shaking incubator
(Wisd Laboratory Instruments, Wertheim, Germany) at a shaking speed of 150 rpm. Sigma 3 -
18 KS model centrifuge was used for the separation of the phases (Sigma, Germany). Visual
Minteq program version 3.0 (Stockholm, Sweden) was used for the determination of the
dominant chemical form of aluminium.

2.3. Adsorption and recovery procedures for aluminium

For adsorption of aluminium, 5 mL, 1 mg L™ aluminium solution in ultrapure water (with pH
values in the range of 2.0-10.0) was added onto 25 mg of chamotte clay. The mixture was
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shaken for 30 minutes at 25°C. After adsorption, chamotte clay was separated from the solution
by centrifuging at 10,000 rpm for 5 minutes and aluminium in the solution was measured with
spectrofluorometer.

For recovery of aluminium, in the first step, adsorption procedure was applied as explained
above. HCI, HNO3z and CHsCOOH with the concentrations of 0.1, 0.5 and 1 mol L™ were used
for determining the quantitative recovery of the analyte. However, unexpectedly high signal
was measured in 1 mol L™ acidic medium, possibly due to the partial dissolution of the clay.
0.1 mol Lt HCI supplies the highest recovery value and selected as the recovery agent. Thus,
after adsorption, separation of chamotte clay was performed and 5 mL, 0.1 mol L HCI was
added onto adsorbent and shaken for 30 minutes for recovery of the adsorbed aluminium.
Aluminium in the solution was measured with spectrofluorometer.

2.4. Fluorimetric determination of aluminium

Fluorimetric determination of aluminium was based on the formation of the highly fluorescent
Al(I11)-morin complex. In order to obtain the highly fluorescent compound, firstly, pH of Al(111)
solution was adjusted to 3.5 with HCI-NaOH. Then, 0.8 mL of 100 mg L morin solution was
added onto 2.5 mL of AI(IlI) solution and the solution was diluted to 5 mL with absolute
ethanol. The emission spectra of the solutions were recorded after 15 minutes in the wavelength
range from 440 nm up to 600 nm, using 420 nm as the excitation wavelength and 498 nm as
the maximum emission wavelength. Fluorescence spectrum of Al(111)-morin complex is shown
in Fig. S1.

3. Results and Discussion
3.1. Characterization of chamotte clay

Chamotte clay was characterized with XPS, SEM-EDX and EDXRF analysis. As shown in the
SEM image in Fig. 1, chamotte clay has a porous layered structure with irregular shapes and
various sizes. Elemental composition of chamotte clay was determined using XPS, EDXRF and
EDX. XPS gives the atomic percentage, EDXRF gives the weight percentage and EDX gives
both of the data for the amount of the elements. EDX analysis gathers the chemical information
that refers to the surface of the material and may differ from the original bulk composition.
However, the similar values were obtained from the analyses and the results are shown in Table
1. Only for XPS analysis, carbon was detected on the surface of the adsorbent which may be
due to the atmospheric contamination [42]. According to the results, chamotte clay was mainly
composed of Si, Al and O which were attributed to SiO> and Al,Oz with the trace amounts of
Fe, Ca, Ti, Mg, Na and K.
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Table 1. Elemental composition of chamotte clay.

Method Al Si @) Fe Ca Ti Mg Na K
EDXRF (weight %) 5.1 22.3 70.2 0.8 0.3 0.5 0.2 - 0.7
XPS (atomic %) 12.8 185 58.6 0.4 0.4 0.1 0.7 0.3 0.5

EDX (atomic- weight %) 12.3-88 26.9-185  58.6-70.7 0.7-0.3 0.2-0.1 0.2-0.1 0.8-0.6 0.7-0.6 0.9-0.5
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Figure 1. SEM-EDX analysis of chamotte clay (applied voltage: 20 kV, working distance: 13.6
mm, magnification: 20000x).

3.2 Effect of initial pH on the adsorption of Aluminium

The efficiency of aluminium adsorption was affected by the initial pH of the solution as pH not
only determines the surface charge of the sorbent but also influences chemical speciation in the
solution. In order to investigate the effect of pH on the adsorption efficiency of aluminium, the
pH of the water solutions were adjusted in the range of 2.0 to 10.0 using hydrochloric acid
(HCI) or sodium hydroxide (NaOH) solutions at various concentrations. As shown in Fig. 2,
the maximum adsorption efficiency for Al(Ill) was observed at pH 7.5. At lower pH values
(pH<4, acidic pH values), the adsorption efficiency decreases due to the competitetive sorption
with proton ions. With increasing pH (4<pH<7), the amount of proton ions decreases which
favours the adsorption of aluminium ions. In higher pH values (pH>8), aluminium not only
exists in the form of hydroxides which may precipitate depending its concentration but also
exists ions with negative charge chich cause an electronic repulsion with the adsorbent which
has a negative surface charge as stated below. Thus, in alkaline pH values, there is a decrease
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in the adsorption efficiency. Using the Visual Minteq software, it was found that the dominant
chemical form of aluminium at pH 7.5 is AI(OH)4". Thus, it was concluded that the quantitative
adsorption of aluminium at pH 7.5 can be proceeded in the form of AI(OH)4".
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Figure 2. Effect of initial pH on aluminium adsorption (amount of clay: 25 mg, sample volume:
5 mL, initial aluminium(l11) concentration: 1 mg L, contact time: 30 minutes, pH: 2-10).

The surface charge of the adsorbent was also investigated to identify the sorption mechanism
of aluminium. The pH of the point of zero charge (pHpzc) of chamotte clay was determined
using the pH drift method [43]. As stated in the literature [44], the point of zero charge (pHpzc)
can be defined as the pH of the solution at which charge of the positive surface sites is equal to
that of the negative ones, thus, the sorbent surface charge has zero value. The surface charge is
negative at pH>pHp.c and positive at pH<pHpzc [45].

For the determination of pHpzc, the pH of a solution of 0.01 M NaCl was adjusted in the range
of 2-12 with the addition of either HCI or NaOH. The initial and final pH (after 24 h) values
were recorded and the graph of final pH versus initial pH was used to determine the point at
which the initial pH and final pH values were equal which was taken as pHpzc. The Fig. S2
shows the pHpzc of the chamotte clay determined with the pH drift method. As shown from the
Fig. S2, the pHp,c of the chamotte clay was determined as 7.8. In acidic pH values, both
dominant species of aluminium and chamotte clay has a positive charge and in alkaline pH
values (pH>8) both dominant species of aluminium and chamotte clay has a negative charge,
for both cases, an electronic repulsion occurs and adsorption efficiency decreases. However,
for pH between 7 and 7.8, dominant species of aluminium, AIOH4’, is negatively charged and
chamotte clay is positively charged thus, attractive interaction occurs and adsorption efficiency
increases and reaches its maximum. Thus, pH 7.5 was selected as the optimum pH for the
determination and preconcentration of trace levels of aluminium.
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3.3 Effect of time on adsorption and recovery of aluminium

Contact time is an important parameter that affects the diffusion of metal ions onto adsorbent
which determines the sorption/removal efficiency and recovery values.

Fig. 3 shows the effect of time on adsorption and recovery of aluminium. According to Fig. 3,
quantitative adsorption and recovery of aluminium were both rapid and reached an equilibrium
in 30 minutes. It can be concluded that the rapid adsorption was observed due to the abundant
availability of the active sites on the surface of the chamotte clay.
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Figure 3. Effect of time on a) adsorption and b) recovery (amount of clay: 25 mg, sample
volume: 5 mL, time: 0-60 minutes).

3.4 Effect of adsorbent dosage

In order to ensure the quantitative adsorption of aluminium in different sample volumes, usage
of the minimum adsorbent dosage is very important. As shown in Fig. 4, 5 g L is the required
adsorbent dosage for the quantitative adsorption of aluminium. It can be concluded that the
number of active sites increases as the amount of clay increases up to 5 g L™* which supplies an
increase in the adsorption efficiency. Increasing the adsorbent dosage had no effect on
adsorption efficiency above 5 g L™ and in order to use the mimium amount of sorbent and
provide more economical method 5 g L™ was used in the study.
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Table 2. Isotherm models for aluminium adsorption.

Adsorption model Equation Parameters of the Equation
i 1 = -1
Freundlich Ing, = InK, +—InC, Kr =053mgg
n n=2.64
R%2= 0.9917
Langmuir Ce 1 Ce Qm =266 mg gt
_ = + —_—
qe KLQm Qm KL =0.13L mg—l
RZ= 0.9323

Dubinin—Radushkevich Ing, =Ingq,, — ke?

k = 0.018 mol? kJ2

e=(2k)70° qm = 0.00036 mol g*
E =5.24 kJ mol*
RZ= 0.9577
100 & @
S
E 80
60
0 10 20 30 40 50

Adsorbent dosage (g L)

Figure 4. Effect of adsorbent dose (amount of clay: 5-250 mg, sample volume: 5 mL, contact

time: 30 minutes, pH: 7.5).
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3.5 Sorption isotherm models

The type of the adsorption was determined using Freundlich, Langmuir and Dubinin—
Radushkevich (D-R) isotherm models. In order to determine the type of the interaction of the
adsorbents with the adsorbate; 10 mg chamotte clay was shaken with 5 mL of various initial
concentration of aluminium solution (1-50 mg L) in ultrapure water (pH~7.5) for 24 hours.
After sorption, clay was separated from the solution with the aid of centrifugation and the
amount of aluminium in the solution was determined with spectrofluorometer.

The equations of the isotherm models can be seen at Table 2. In Freundlich isotherm model, ge
is the amount of aluminium adsorbed by the clay (mg g™), Ceis the equilibrium concentration
of aluminium (mg L), Ke (mg g?) and n (dimensionless) are Freundlich constants related to
the adsorption capacity and intensity of adsorption, respectively. Freundlich isotherm was
obtained by plotting In Ce versus In ge.

In Langmuir isotherm model, Ce is the equilibrium concentration of aluminium (mg L™?), ge is
the adsorption capacity adsorbed at equilibrium (mg g*), Qm is maximum adsorption capacity
(mg g) and Ky is the Langmuir adsorption constant (L mg™). Langmuir isotherm was obtained
by plotting Ce/ge versus Ce.

For D-R isotherm model, ge is the amount of aluminium adsorbed by the clay (mg g2), qm is
the maximum sorption capacity (mol g ), k is the activity coefficient related to sorption energy,
R is the gas constant (J mol*K™), T is the temperature (K), ¢ is the Polanyi potential (mol? J2),
Ce. is the equilibrium concentration of aluminium (mol L™) and E is the sorption energy
represents the energy required for moving one mole of the solute from infinity to the surface of
the adsorbent (kJ mol™?). D-R isotherm was obtained by plotting In ge versus 2.

Parameters of the equations were calculated using the slope and intercept of the plots and the
results are shown in Table 2. The most suitable isotherm is determined by the correlation
coefficient (R?). The R? value closest to 1 indicates the best fit model.

Among the isotherm models, Freundlich isotherm is commonly used to describe the multilayer
adsorption and adsorption on heterogeneous surfaces [46-48] whereas Langmuir isotherm
represents a monolayer adsorption at specific homogenous sites [49-50]. On the other hand, D-
R isotherm both assumes that the adsorption is multilayered and depends on a pore-filling
mechanism [51-52]. Considering the correlation coefficients, it can be seen that the sorption
process fits to Freundlich isotherm very well. A value of 2.64 obtained for n with the Freundlich
isotherm represents that the adsorption is favorable, as it is greater than 1 [53]. Thus, it can be
concluded that a favorable and multilayer adsorption of aluminium was occurred on the
heterogeneous surface of the chamotte clay.
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3.6 Kinetic of aluminium adsorption

10 mL of 5 mg L aluminium solution (pH 7.5) was shaken with 200 mg chamotte clay for
different periods of time (from 5 to 1440 min) at 25°C using shaking incubator in order to
determine the kinetic parameters of aluminium adsorption. After sorption, clay was separated
from the solution using centrifugation and the amount of aluminium in the solution was
determined with spectrofluorometer.

The linear pseudo-first-order, pseudo-second-order kinetic and intra-particle diffusion models
were applied using the following equations [54,55]:

where e is the amount of aluminium adsorbed (ng g?) at equilibrium, q: is the amount of
aluminium adsorbed (ug g?) at time t, ki, k2 and kiq are the pseudo-first-order rate constant
(min), pseudo-second-order rate constant (g pg™t min™) and the intraparticle diffusion rate
constant (ng g™t min/?), respectively, t is the time (min) and C (ug g™*) represents the boundary
layer thickness. Kinetic parameters for the adsorption of aluminium can be shown in Table 3.
As shown in Table 3, considering the correlation coefficients, pseudo-second-order model is
more suitable to describe the adsorption of aluminium onto chamotte clay. As the adsorption of
aluminium fits to pseudo second-order kinetic reaction model, it can be concluded that the
chemisorption is the rate-limiting mechanism through sharing or exchange of electrons between
adsorbent and adsorbate [56].

ky

log(qe — q¢) = logge — o=t 1)

t 1 t

; - kzqe? + de (2)
1

qe = kigt> +C ©)
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Table 3. Kinetic parameters of different models for the sorption of aluminium.

Kinetic model Parameters

pseudo-first-order  ge=64.18 ug g*
ki =0.004 min‘!
RZ= 0.4704
pseudo-second-order Q.=43.5pgg?
k2=10.025 g pgtmin?
R?=0.9996
intra-particle diffusion C=40.47 ug g*
kig = 0.1995 pg g* min'?2

R?= 0.9764

3.7 Thermodynamics of aluminium adsorption

In order to determine the thermodynamic parameters of the aluminium adsorption, experiments
were carried out at three different temperatures. 10 mL of 5 mg L™t aluminium solution (pH 7.5)
was shaken with 200 mg chamotte clay for 30 minutes at 25°C, 35°C and 45°C using
temperature controlled shaking incubator. After sorption, chamotte clay was separated from the
solution using centrifugation and the amount of aluminium in the solution was determined with
spectrofluorometer. Gibbs free energy change (AG®), enthalpy (AH®) and entropy (AS°) were
calculated from the following equations [57-58]:

AG® = —RTInK, , K, = % (4)
AS° AHO

anC = T - E (5)

AG® = AH® — TAS® (6)

where K is the equilibrium constant, Cs is the amount of analyte adsorbed by adsorbent (mg g
1y, Ce is the equilibrium concentration of aluminium (mg L), R is the is the gas constant (8.314
JmoltK™?) and T is the temperature (K). Parameters change in enthalpy (AH®) and change in
entropy (AS®) were calculated from the slope and the intercept of the linear plot of In K¢ versus
1/T. The calculated thermodynamic parameters are summarized in Table 4.
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As mentioned in the literature, AG value lower than 20 kJ mol™ states physical adsorption while
values above 40 kJ mol™ indicates the chemical adsorption and the negative values indicate the
spontaneous nature of the sorption [59]. Negative AH® values emphasize that the adsorption is
exothermic and the adsorption capacity decreases with an increase in the temperature [60]. If
the value of AH is lower than 40 kJ mol™ the adsorption process is physisorption while the
value is more than 100 kJ mol™ the type of adsorption is chemisorption [61]. A negative AS°
value denotes the decreased randomness at the solid—solution interface during the adsorption
process [62]. When the thermodynamic parameters evaluated, it is evaluated that the aluminium
adsorption is exothermic due to the negative value of AH?, spontaneous and favorable due to
the negative value of AG® and the degree of freedom decreased at the liquid-solid interface due
to the negative value of AS°.

Table 4. Thermodynamic parameters for aluminium adsorption.

Temperature (K) AG® (kJ mol?) AH° (kJ mol?) AS° (k) molt K1)
298 -6.73 -16.13 -0.03
308 -6.42
318 -6.10

3.8 Analytical figures of merit

The aluminium content in the solution was determined via the formation of the highly
fluorescent aluminium(l11)-morin complex in acidic medium. As stated in the literature [21],
the addition of ethanol into agueous system increases the fluorescence signal of the complex.
Two calibration graphs were obtained for two different range of aluminium. Using a slit width
of 5 nm, the calibration graph (calibration graph #1) was linear within the range of 0.5-10 pg
L1 with an equation of y = 82993x + 149625 and a correlation coefficient (R?) of 0.9991 (n=3).
When the slit width set to 3 nm, the calibration graph (calibration graph #2) was linear within
the range of 10-100 pg L with an equation of y = 9777.5x + 33040 and a correlation coefficient
(R?) of 0.9971 (n=3).
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Limit of detection (LOD) and limit of quantification (LOQ) were calculated using the
equations;

LOD = g X 3 (7)
and
LOQ = % x 10 (8)

where o is the standard deviation of the responses of the blank solution and S is the slope of the
calibration curve [63,64].

For the calibration graph #1, LOD and LOQ were calculated as 0.12 ug L and 0.39 ug L?,
respectively, whereas LOD and LOQ were calculated as 1.18 pg L and 3.95 pg L*,
respectively, for the calibration graph #2.

In order to determine the precision of the method, relative standard deviations (RSDs) of intra-
day and inter-day precisions of three different concentration levels of aluminium were
determined for the obtained calibration graphs. 2.5, 5.0 and 7.5 pg L™t aluminium(l11) solutions
were used for the precision study for calibration graph #1 where 25, 50 and 75 pg L*
aluminium(I11) solutions were used for the precision stiudy for calibration graph #2. The intra-
day precision was determined with the five repeated measurements of the samples on the same
day and the inter-day precision was determined by measuring the sample once a day for five
consecutive days. RSD values of intra-day and inter-day studies were found to be in the range
of 0.8 - 1.4 % and 1.2 - 1.5 % for calibration graph #1 and 1.2 - 1.8 % and 1.5 - 2.2 % for
calibration graph #2, respectively.

Table 5 summarizes a comparison of the general performance parameters for the published
methods used for the determination and preconcentration of aluminium. When the parameters
were compared, the developed method based on the preconcentration of aluminium using
chamotte clay was expected to be a promising method for the determination and
preconcentration of the trace levels of analyte in real samples.
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Table 5. Comparison of the analytical performance of published methods with the present work
for the determination of aluminium.

Working Limit of Method Reference
range Detection
1-50pugL?t  1.7pgl? fabric phase sorptive extraction-hig [65]

performance liquid chromatography-UV
detection

5-1600 pg LT 1.5pgL? graphene oxide modified (4-phenyl) [11]
methanethiol nanomagnetic composite-

atom trap flame atomic absorption

spectrometer

- 0.2 ugL? 8-hydroxyquinoline—cobalt(11) [66]
coprecipitation system- UV-vis
spectrophotometry

27 ug L1-270 6.6 ugL? all-solid-state potentiometric detection [8]

mg L*

0.5-10 pg L? 0.12 pg L? and chamotte clay-fluorescence detection This study

and 10-100 pg 1.12 ugL?

L—l

3.9 Reusability of the adsorbent

Reusability of the same chamotte clay was investigated since the reusability of the same
adsorbent affects the cost of the developed method. Ten cycles of sorption-recovery procedures
were applied to the same adsorbent and according to the recovery values 98.9+1.3 (n=10), it
was observed that same adsorbent can be used for ten times for the determination of aluminium.

3.10 Interference effects

The interference effects of other cations, such as Na(l), K(I), Mg(I1), Ca(ll), Co(ll), Fe(ll),
Fe(l11), Mn(11), Co(ll), Ni(Il), Zn(11), Cd(I1), and Pb(ll) and anions such as chloride, nitrate,
sulphate and phosphate on the recovery of aluminium(lll) were investigated. The interference
effect was studied independently for each of the ions. 5 mL of 10 ug L™ aluminium solution
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(pH 7.5) with different concentrations of ions was shaken with 25 mg chamotte clay for 30
minutes. After sorption, chamotte clay was separated from the solution using centrifugation and
5 mL 0.1 M HCI was added onto adsorbent and shaken for 30 minutes for recovery of
aluminium. Then, the fluorimetric determination procedure was applied. The tolerable ratios of
all investigated ions were investigated up to 1 mg L™ (100-fold) and it was found that the
investigated ions did not exhibit any remarkable change (> £5%) on the recovery of aluminium.

3.11 Analytical application

The developed method was applied to both tap and bottled drinking water samples. Before the
analysis, water samples were first filtered through a filter paper. After adjusting the pH values
to 7.5, 50 mL of water samples were shaken with 250 mg chamotte clay for 30 minutes for the
adsorption of aluminium. After sorption of aluminium, chamotte clay was separated from the
solution with centrifugation. 5.0 mL 0.1 M HCI was added onto chamotte clay and shaken for
30 minutes for the recovery of aluminium. After centrifugation, the phases were separated and
the pH of the solution was adjusted to 3.5. Then, 0.8 mL of 100 mg L™ morin solution was
added onto 2.5 mL of the solution and the solution was diluted to 5 mL with absolute ethanol.
The preconcentration factor for both analyses was 10. The amount of aluminium in the solution
was measured with spectrofluorometer (Aex=420 nm and Aem=498 nm). Spike addition was also
applied to the samples and the results of the sample applications are shown in Table 6. The
quantitative recovery values revealed that the developed method can be applied to aqueous
samples for the determination of aluminium.

Table 6. Sample application of the method.

Sample Added (ug L1)* Found (png LY)* Recovery (%)
Tap water - 0.39+0.07
10 10.68+0.18 102.82+1.69
25 25.40+0.56 100.04+2.19
50 50.87+0.61 100.95+1.21
Bottled - <LOD**
drinking
10 9.83+0.25 98.33+2.52
water
25 25.03+0.32 100.13+1.29
50 49.83+1.27 99.67+2.53
*(n=3)

**LOD = Limit of Detection
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4. Conclusion

The present work involves the development of a method for determination of aluminium in
aqueous samples based on the usage of chamotte clay. Chamotte clay has been used for the first
time for determination of trace levels of aluminium. Quantitative adsorption and recovery of
aluminium were both rapid and reached an equilibrium in 30 minutes. The adsorption study
was fitted to Freundlich isotherm and multilayer adsorption of aluminium was occurred on the
heterogeneous surface of the chamotte clay. Thermodynamic parameters revelaed that the
aluminium adsorption is exothermic, spontaneous and favorable. The method is applied to tap
and bottled drinking water samples and the recoveries were found to be in the range of 98.3 and
102.8 %. The preconcentration factor of both analyses was determined as 10 and same
adsorbent can be used for ten times for the determination of aluminium. Upon the evaluation of
the analytical parameters, the developed method was expected to be a promising method for the
determination and preconcentration of the trace levels of analyte in real samples.
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