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Abstract: This paper presents the equilibrium and thermodynamic parameters of the
adsorption of stearic acid on Celtek clay as a function of temperature. It was found
that the adsorption of stearic acid on Celtek clay decreased with increasing tempera-
ture from 293 to 313 K. The equilibrium modelled data fitted well with the linear
forms of both the Langmuir and the Freundlich models (R? = 0.99 in both cases).
The R} and 1/n values determined from the isotherm models proved that Celtek clay
is a suitable adsorbent for stearic acid. The Dubinin—Radushkevich (D—R) isotherm
was applied to describe the nature of the adsorption of stearic acid on Celtek clay
and it was found that the adsorption occurred physically. Thermodynamic parame-
ters of adsorption, such as Gibbs free energy change (AG?), enthalpy change (AH?)
and enthropy change (AS?) were also calculated. These parameters showed that the
adsorption of stearic acid on Celtek clay was feasible, spontanecous, and exothermic
in nature. On the basis of the results, it can be concluded that Celtek clay has consid-
erable potential for the removal of stearic acid from the main sources, such as raw
and edible soybean, sunflower and olive oils.
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INTRODUCTION

Fatty acids are videly used in the pharmaceutical and food industry. Many
drugs and foods contain fatty acids and they are often subjected to thermal treat-
ment during processing and storage. Free fatty acids from common vegetable and
animal oils are normally resulted from the scission of the ester bonds of triglycer-
ides during the industrial refining process. The adsorption method can be used for
the bleaching of the oils, which can increase the content of stearic acid.! The num-
ber of papers on the adsorption of fatty acids is limited in the literature. Proctor and
Palaniappan? investigated the ability of rice husk ash (RHA) to adsorb free fatty
acid from soy oil. Adam and Saleh3 reported that the adsorption of fatty acids on
RHA took place physically, and suggested that the adsorbed fatty acids could
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easily be recovered from the surface of RHA using acetone. Adam and Chua# stud-
ied the adsorption of palmitic acid on RHA modified with AI(III) ions using the
sol—gel technique and the Langmuir adsorption model was applied to the experi-
mental results. Topallar and Bayrak> examined the adsorption isotherms of myris-
tic, palmitic, and stearic acid on RHA and indicated that the adsorptions of the fatty
acids followed Langmuir isotherm. These studies proved that the adsorption of a
free saturated fatty acid using a proper adsorbent is important for its removal from
the main sources, such as raw and edible soybean, sunflower and olive oils.

Clay is a natural, earthy, fine-grained material composed largely of a group of
minerals. Clays have been used for thousands of years and they still keep their po-
sition as very important industrial materials.%7 Clays have also been used for
chemical studies for various purposes, including the adsorption of various organic,
inorganic substances, radioactive specimens and heavy metals.8-11

Celtek clay was chosen as the adsorbent material in this study. The clay was col-
lected from the Celtek Town of Amasya City in Turkey. This material has commonly
been used as an industrial raw material for the construction of ceramics and bricks in
the middle Anotalia—Turkey. According to our literature survey, Celtek clay has not
been used as an adsorbent for organic substances from various samples.

The aim of this work was to investigate the equilibrium and thermodynamic
parameters of the adsorption of stearic acid on Celtek clay as a function of tempera-
ture and determine the type of the adsorption (physical or chemical).

EXPERIMENTAL
Preparation of the adsorbent material
Celtek clay was first dried and sieved through a 200-mesh sieve, then washed with distilled

water several times to remove any dust and other water-soluble impurities. The washed sample was
dried in an electric oven at 378 K for 24 h.

Materials and solutions

Stearic acid (98 % purity) was supplied by Merck. Sodium hydroxide (NaOH), potassium hy-
drogen phthalate (KHP), isooctane and propan-1-ol were obtained from Aldrich. Stearic acid (0.569
g) was dissolved in 1 L isooctane to prepare a 2.00 x 10~ mol/L stock solution. A NaOH solution
(0.005 mol/L) was prepared and standardized by titrating with KNP and then diluted to 0.0025
mol/L with deionized water.

Instrumentation

The chemical and mineral composition of dry Celtek clay was determined by X-ray powder
diffractometry (XRD; Rigaku D-Max 2200 model). The dry adsorbent sample was also characterized by
Fourier Transform Infrared (FT-IR) spectroscopy (Jasco model 430 instrument) and scanning electron
microscopy (SEM; Jeol model 6400). The specific surface analysis was determined using a surface ana-
lyzer (Quantachromosorb) and the Brunaeur—-Emmett—Teller (BET) method.

Adsorption procedure

Samples of Celtek clay (predried at 378K for 24 h and desiccated) 0f 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7 and 0.8 g were weighed with the accuracy of 0.1 mg and transferred to 50 mL conical flasks
with glass stoppers. The stock solution of stearic acid (20 mL) was pipetted into each conical flask.
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The samples were shaken for 120 min using a mechanical shaker combined with a temperature con-
troller (Arex, Velp Scientifica) at 298 K and 100 rpm shaking speed. Subsequently, all samples were
equilibrated at this temperature in a thermostated water bath (Lauda; KG. D-6970 model) for an-
other 60 min until all the adsorbent had settled on the bottom of the flask. After the 3-hour adsorp-
tion period, 5 mL of the supernatant was pipetted into 10 mL neutralized propan-1-ol and titrated
with 0.0025 mol/L NaOH. The titration was repeated in triplicate and the mean titrant volume was
recorded. In addition, a blank titration of 5 mL of untreated stock stearic acid solution was carried
out. In order to determine the adsorption properties at different temperatures, the above experiments
were repeated at 293, 298, 303, 308 and 313 K.

RESULTS AND DISCUSSION
Characterization of Celtek clay

The chemical and mineral compositions of Celtek clay obtained by XRD anal-
ysis are given in Table I. Its specific surface area was found to be 69.0 m2/g by the
BET method. The microstructure of the clay was investigated by SEM analysis and
the micrographs obtained at 350 and 1500 magnifications are given in Fig. 1a and
Fig. 1b, respectively. As can be seen from the Figures, Celtek clay has a heteroge-
neous porous structure.

TABLE I. Chemical and mineral composition of Celtek clay obtained by XRD analysis

Chemical composition/%
Si0, ALO; K,0 MgO Fe,0; CaO SO; Na,O TiO, Ignition los (at 1273 K)
59.5 149 25 2.0 52 4.8 0.1 1.0 0.7 8.7
Mineral composition/%
Kuvars Calcite Anortite [lite Chlorite
16.6 8.1 11.5 42.6 21.1

The Celtek clay was also characterized by FT-IR spectroscopy at room tempera-
ture (Fig. 2). The broad bands at 3417, 3621, and 3696 cm™! are due to the O-H
stretching vibration of the silanol (Si—OH) groups and the HO-H vibration of water
molecules adsorbed on the silica surface. The strong band observed at 1029 cm! rep-
resents the Si—O-Si groups of the tetrahedral sheet, and the bands observed at 796, and
694 cm! are due to the deformation and bending modes of the Si—O bonds.

Adsorption isotherms

Adsorption equilibrium data generally described by either the Langmuir or the
Freundlich model. The Langmuir model represents one of the first theoretical treat-
ments of non-linear sorption and suggests that the uptake occurs on a homogenous
surface by monolayer sorption without interaction between the adsorbed mole-
cules. Moreover, the model assumes uniform energies of sorption onto the surface
and no transmigration of the adsorbate. The experimental data were fitted to the
linear form the of Langmuir model, expressed by the following equation:!2
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Fig. 1. SEM Micrographs of Celtek clay (a) at x 350 magnification (b) at x 1500 magnification.
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Fig. 2. FT-IR Spectrum of Celtek clay at room temperature.
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where, C, (mg/L) is the amount of adsorbate in the solution at equilibrium and g,
(mg/g) is the amount of adsorbate adsorbed onto the adsorbent. ¢,,, (mg/g) and K|
(L/mg) are Langmuir constants related to the adsorption capacity and the energy of
adsorption, respectively. These constants can be determined from the slope and the
intercept of the linear plot of Cy/q. versus Cs.

Based on further analysis of the Langmuir equation, the dimensionless param-
eter of the equilibrium or the adsorption intensity (R ) can be expressed by:
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1

R =
L 1 +KLCO (2)

where, Cy (mg/L) is the initial amount of adsorbate. The R} parameter is considered as
a reliable indicator of the adsorption. There are four probabilities for the value of Ry :
(7) for favorable adsorption, 0<Ry <1, (i) for unfavorable adsorption, Ry > 1, (iif) for
linear adsorption, Ry =1, (iv) for irreversible adsorption, Ry = 0.4.5:13.14

The Freundlich model proposes a monolayer sorption with a heterogeneous ener-
getic distribution of active sites, accompanied by interactions between the adsorbed mol-
ecules. The linear form of the Freundlich model is given by the following equation:13

1
log g, = log Ky + (j log C,, 3)
n
where, 1/n and Kg can be determined from the slope and the intercept of the linear
plot of log ¢, versus log C,, respectively.
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Fig. 3. Linear plots of Langmuir isotherms Fig. 4. Linear plots of the Freundlich isotherms
of the adsorption of stearic acid on Celtek of the adsorption of stearic acid on Celteck
clay at different temperatures. clay at different temperatures.

The linear plots of Langmuir and Freundlich isotherms obtained for the tem-
peratures of 293, 298, 303, 308 and 313 K are shown in Figs. 3 and 4, respectively
and the results are given in Table I1. The adsorption pattern for stearic acid adsorp-
tion onto Celtek clay is fitted well with the linear Langmuir and Freundlich models
at the examined temperatures, as can be seen by the high coefficient of determina-
tion (R% = 0.99 for both models). The values of the Langmuir constants g,,, and K1
decreased from 26.7 to 21.3 mg/g and 0.14 to 0.08 L/mg with increasing tempera-
ture. The adsorption intensity (Ry ) ranged from 0.39-0.50 at the studied tempera-
tures, suggesting that Celtek clay is a suitable adsorbent for the adsorption of
stearic acid.

On the other hand, the adsorption capacity (Kg) and the adsorption intensity
(n) decreased from 4.92 to 1.41 mg/g and from 1.90 to 1.41, respectively, with in-
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creasing temperature, which indicates that the adsorption of stearic acid on Celtek
clay is exothermic in nature and less favorable at higher temperatures.

TABLE II. Langmuir and Freundlich constants and other parameters determined for the adsorption
of stearic acid on Celtek clay at different temperatures

Langmuir isotherm Freundlich isotherm
TK gnmg/g  K; L/mg Ry R? Kp mg/g n R?
293 26.7 0.14 0.39 0.99 4.9 1.9 0.99
298 25.2 0.12 0.42 0.99 3.1 1.8 0.99
303 23.0 0.10 0.47 0.99 2.8 1.7 0.99
308 22.2 0.09 0.49 0.99 2.3 1.5 0.99
313 21.3 0.08 0.50 0.99 1.4 1.4 0.99

The adsorption equilibrium data were also modelled by the D-R model to de-
termine the type of adsorption (physical or chemical).!4:18:19 The linear presenta-
tion of this model is expressed by the following equation:

In g, =In X, — Be 0 “4)
where, g, and X, are the equilibrium concentration (mol/L) and the monolayer ca-
pacity (mol/g), respectively. B is the constant of the sorption energy (mol2/J2),
which is related to the average energy of sorption per mole of the sorbate as it is
transferred to the surface of the solid from an infinite distance in the solution. The
Polanyi potential, ¢ is described as:

1
€ RTln(1+CeJ (%)
As can be seen from Fig. 5, # and X,, can be obtained from the slope and the in-
tercept of the plot of In g, versus €92. The mean energy of sorption (£, kJ/mol) can
be calculated using Eq. (6):
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Fig. 5. D-R Isotherm plots of the adsorp-
tion of stearic acid on Celtek clay at dif-
ferent temperatures.
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TABLE III. D-R Parameters of the adsorption of stearic acid on Celtek clay at different temperatures

T/K X, B E R?
mol/g mol?/kJ? kJ/mol

293 8.3 x 1073 7.9 x 106 7.96 0.99

298 8.2x 1073 ~7.8 x 1076 7.90 0.99

303 9.0 x 1073 -8.3x10° 7.76 0.99

308 10.8 x 1073 -8.3x10°¢ 7.58 0.99

313 11.2 x 1073 -8.8 x 100 7.54 0.99

The D-R parameters and mean sorption energy were calculated for different
temperatures by examination of the plots in Fig. 5, and the results are given in Ta-
ble I1I. The monolayer sorption capacity (X,,) was between 8.3 x 10-3 and 11.2 x
10-3 mol/g and the mean sorption energy (E) was between 7.54 and 7.96 kJ/mol in
the temperature range of 293-313 K. The magnitude of £ is in the range 1-8 kJ/mol
and 9-16 kJ/mol for physical and chemical adsorption, respectively.!4:1® The E
values were found in the range of 1-8 kJ/mol, indicating that the adsorption of
stearic acid on Celtek clay is essentially physical.

Thermodynamic parameters

The Gibbs free energy change of adsorption (AGY) is calculated using the fol-
lowing equation

AGY=-RT1n K, (7

where, R is the gas constant and 7 is the temperature in Kelvin. K is the thermody-
namic equilibrium constant of the adsorption process determined by plotting In
(q/C,) versus Cg and extrapolating to zero C,+16.17 as shown in Fig. 6.

The other thermodynamic parameters, the enthalpy change (AH?) and the en-
tropy change (AS?), were calculated from the slope and intercept of the plot of In
K against 1/T, respectively, according to Eq. (8)%14.18.19 and shown in Fig. 7:

0 0
gy~ AS° _an’
R RT

The thermodynamic parameters of the adsorption of stearic acid on Celtek
clay at the examined temperatures are presented in Table IV. The Gibbs free energy
change of adsorption (AG?) was found to be in the range of —2.6 and —0.7 kJ/mol,
as the temperature changed between 293 and 313 K. These results indicated that
the adsorption of stearic acid on Celtek clay is feasible and spontaneous. AH? and
ASO were found as —30.4 kJ/mol and —94.4 J/mol K, respectively. The negative

®)
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Fig. 7. The variation of the thermodynamic equi-

librium constant of the adsorption of stearic acid

on Celtek clay as a function of temperature.

value of AHY confirmed that the adsorption of stearic acid on Celtek clay is an exo-
thermic process. These results are contrary to the data given in the literature.*->
This can be due to the energy released after the adsorption being higher than that
needed to extract the solvent molecules from the pores of Celtek clay. The negative
value of ASY suggests that the randomness in solid/solution interface decreased
during the adsorption.

TABLE IV. Thermodynamic parameters of adsorption of stearic acid on Celtek clay at different tem-
peratures

T/K K, AGY
L/g kJ/mol
293 2.9 2.6
298 2.5 23
303 1.8 -1.4
308 1.6 -1.3
313 1.3 -0.7
AH® = -30.4 kJ/mol
AS? =94 4 J/mol K
CONCLUSIONS

The results obtained in this study indicate that the adsorption capacity of
Celtek clay for steric acid is considerably affected by temperature. The equilibrium
data fitted well with both the Langmuir and Freundlich models. The R} and 1/n
values show that Celtek clay is a suitable adsorbent for stearic acid. The D-R iso-
therm confirmed that the adsorption of stearic acid on Celtek clay proceeds physi-
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cally. In addition, the thermodynamic parameters (AG?, AH?, and ASY) determined
with respect to the temperature variation indicate that the adsorption of stearic acid
on Celtek clay is feasible, spontaneous and exothermic in nature.

On the basis of the results, it is concluded that Celtek clay can be used as an ad-
sorbent to remove stearic acid from the main sources, such as raw edible soybean,
sunflower and olive oils
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U3BOJ

NCIIMTUBABE TEPMOJIVNHAMUKE 1 PABHOTEXE AJCOPIIHUIJE
CTEAPUHCKE KHWCEJ/IMHE HA TJIMHUA ,,CELTEK”

AHMET SARI! 1t MUSTAFA SOYLAK?2

IDepartment of Chemistry, Gaziosmanspasa University, 60240, Tokat u 2Department of Chemistry, Erciyes University,
38039, Kayseri, Turkey

Y papy je mpuKa3aHa 3aBUCHOCT PABHOTEXKHUX U TEPMOAMHAMUYKUX ITapaMeTapa aj-
copIiuje cCTeapuHcKe KucenuHe Ha raunn ,,Celtek” y pynkumju remneparype. Ekcnepumen-
TaJIHU pe3yJITaTH oKa3yjy fia ca nopactoM temmnepatrype of 293 K no 313 K pgonasu o ona-
Jama KOJW4YnHe ajficopboBaHe creapuHcke kucenuHe Ha rnmHu Celtek. ExcnepumenTannu
pesyaTaTH ce MOTy npuKas3aTu Kao JlanrmMuposa u ®pojuapnuxosa nzorepMa (R = 0.99 3a 06a
Mopena). Ha ocHOBY fo0ujeHnx BpeHOCTH R U 1/n fobujeHuX U3 N30TepMHu yTBpHEeHoO je fa
je rnmuna Celtek moroman agcopGeHT 3a creapuHcky Kucennny. [Ipumena Dubinin—Raduskevié
n30TEepMe je MoKasalla Jla ce CTeapuHCKa KuceluHa (pu3nuku afcopOyje Ha riauny Celtek.
Takobe cy u3pauyHaTH TepMOMHAMUUKH TapameTpu apcopriuje, AGY, AH? u AS?. Tu
napaMeTpu II0Ka3yjy fia je aficopIlliija CTeapUHCKEe KUCEJIMHE CIIOHTAHU €T30TepMaH IIPOLEC.
Ha 6a3u oBux pe3ynrara je 3akibydeHo fa Celtek rimmHa Moxke O6UTH TIOrofiaH aficopOeHT 3a
OTKJIAhamke CTeaPUHCKE KUCEJINHE U3 COJUHOT, CYHIIOKPETOBOT UIH MACIMHOBOT Yiba.

(pumsbeno 14. anpuina, pesupupano 9. aBrycra 2006)
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