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Abstract: Organomodified bentonites were obtained by modification of bento-
nite clay from local mine Bogovina, with four different alkylammonium ions in 
the amounts that correspond to cation exchange capacity. Carbonized bento-
nites, obtained by pyrolyzing the organomodified bentonites in the flow of nit-
rogen, were characterized using XRD, low-temperature N2 physisorption and 
Raman spectroscopy. Structural and textural properties of carbonized bento-
nites depended on the arrangement of alkylammonium cations in the paternal 
organomodified bentonite, while the Raman spectroscopy confirmed the pre-
sence of amorphous carbon. The obtained carbonized bentonites were used for 
modification of the carbon paste electrode. The modified electrodes were 
investigated using cyclic voltammetry and electrochemical impedance spectro-
scopy. The electrosorption of chloride and sulfate anions on carbonized bento-
nites was studied by chronocoulometry. The results were interpreted in the 
terms of surface groups and textural properties of the carbonized bentonites. 

Keywords: Fe(CN)6
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INTRODUCTION 
Clays are materials with a wide range of application, present in plentiful 

deposits on or near the surface of the Earth. The smectite type of clays, such as 
bentonite, is of particular interest. Because of the properties such as high cation 
exchange capacity, surface area, and hydration characteristics, smectites can 
easily undergo a vast variety of modifications.1 

Clay-modified electrodes have been investigated for a couple of decades to 
alter the electrode surface, consequently facilitating the reactions that occur on 
that surface.2–5 Differently treated clays were used for electrode modification. 
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The most used are acid activation,6 pillaring7 and modification by organic com-
pounds.8 Each of these modifications brought new properties to the composite 
material broadening the range of their applications (as electrochemical sensors 
for a variety of analytes,9 electrodes for energy storage applications, ion-selective 
electrodes). Among these applications, the electrochemical sensors for pharma-
ceutical10 and food quality11 can be singled out as the most advanced ones.  

Further improvement of clay electrodes has been attempted through the 
synthesis of carbon-clay composites.12–14 The carbon-clay composites combined 
a relatively high specific surface area of the clay with a good electrical conduct-
ivity of carbon and can open new possible applications of these hybrid materials. 

Carbon electrodes are used for capacitive deionization of water, among other 
applications. This area of investigation acquired great attention in the last years 
due to worldwide problems regarding the lack of clean freshwater.15 This work 
aims to establish the potential usability of carbonized bentonites for capacitive 
deionization. In the previous publication of this group of authors16 carbon-clay 
composites were obtained by carbonizing clays modified with different amounts 
of hexadecyltrimethylammonium (HDTMA) ion. The performance of carbonized 
samples and parenting organomodified samples was compared. The results 
showed that the amount of present organic precursor had a significant influence 
on the electrochemical properties of the resulting carbonized clay. It was con-
cluded that the electroactivity of carbonized clay-based electrodes depended on 
the porosity, ion-exchange capacity, and carbon-clay interface contact. One of 
the important parameters for efficient electrosorption is the behaviour of the elec-
trode/electrolyte interface. The pore size distribution, rather than specific surface 
area, is one of the main factors influencing the formation of an electric double 
layer, and therefore the efficiency of electrosorption.17 In this work the influence 
of different organic precursors on the electrochemical properties of resulting 
carbonized bentonite was investigated. Bentonite clay from a local deposit (Bog-
ovina, Serbia) was modified with four different alkylammonium anions. The res-
ponse of the obtained carbonized bentonites was tested toward negatively charged 
redox probe as well as for the electrosorption of chloride and sulfate ions. 

EXPERIMENTAL 
Bentonite (clay from Bogovina, coal and bentonite mine, Serbia) fraction with a particle 

size of up to 74 µm, enriched with sodium using the ion-exchange procedure, was employed 
for modification with different organic cations. The procedure for organo-bentonite prepar-
ation was adopted according to Baskaralingam.18 Four alkylammonium ions (hexadecyltri-
methylammonium (HDTMA), dodecyltrimethylammonium (DDTMA), benzyltrimethyl-
ammonium (BTMA) and trimethylammonium (TMA), all acquired from Sigma–Aldrich) 
were introduced in the amounts which correspond to the value of cation exchange capacity 
(CEC) of the clay. The CEC value was previously estimated by ammonium acetate procedure 
(EPA, Method 9080)19 to be 63.3 mmol of monovalent cation per 100 g of dry clay.20 The 
obtained organomodified bentonites were heated at the rate of 5 °C min-1 until 400 °C was 
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reached. The temperature was held at 400 °C for 30 min. Subsequently, the samples were let 
to cool down to room temperature. The cycle of heating and cooling was performed in the 
stream of nitrogen. The samples were designated as c-HDTMA-B, c-DDTMA-B, c-BTMA-B 
and c-TMA-B, per the applied parental material.  

The XRD analysis was performed using a Rigaku Smart Lab automatic multipurpose 
X-ray diffractometer (equipped with low background Si sample holder support; 1D D/teX 250 
Ultra detector in XRF mode) and Cu anode (λ = 0.1542 nm). The diffractograms of the 
samples were obtained in the 2θ range from 2 to 45°, with the scanning rate of 0.3° min−1, and 
scanning step of 0.01°. 

Textural properties were assessed from nitrogen adsorption-desorption isotherms rec-
orded at −196 °C and relative pressure in the range 0.05 < p/p0 < 0.98 using a Sorptomatic 
1990, Thermo Finnigan. Samples were degassed at 150 °C for 10 h under vacuum. The spe-
cific surface area of the samples was calculated according to the Brunauer, Emmett and Teller 
(BET) method from the linear part of the nitrogen adsorption isotherms.21–23 The pore size 
distribution has been computed from the desorption branch of the isotherms using Barrett, 
Joyner and Halenda (BJH) method.21 

The Raman spectra were recorded using a Thermo DXR Raman microscope and laser 
excitation at the wavelength of 532 nm. Measurements were performed using the constant 
laser power of 9 mW, exposure time of 20 s, repetition of 10, grating with 900 lines mm-1, and 
spectrograph aperture of 50 μm pinhole. The Thermo Scientific Omnic 9 software was used 
for the spectra acquisition and analysis. After the acquisition, the fluorescence background 
was subtracted from the Raman spectra using the fifth-order polynomial fit. 

The electrochemical investigation of the samples was performed using modified a carbon 
paste electrode as the working electrode. Carbon pastes with the carbonized bentonite samples 
as modifiers were prepared manually by mixing 500 mg of a sample, 25 mg of carbon black 
(CB, Vulcan®-XC 72R), and 300 mg of paraffin oil. The paste was packed into a hollow (2 
mm diameter) Teflon tube while the electrical contact was provided using a copper wire. The 
reference electrode was Ag/AgCl in 3 M KCl, while a platinum rod served as the counter elec-
trode. The electrochemical measurements were performed using an Autolab electrochemical 
workstation (Autolab PGSTAT302N, Metrohm-Autolab BV, Netherlands). Impedance mea-
surements were performed in 1 mM K4[Fe(CN)6] in 0.2 M KCl, at open circuit potential using 
a 5 mV rms sinusoidal modulation in the 100 kHz–0.1 Hz frequency range. Cyclic volt-
ammetry measurements were performed in the same electrolyte, at the scan rate of 50 mV s-1. 
The electrosorption properties of carbonized clays were tested in 0.2 M NaCl and 0.2 M 
Na2SO4 solutions using chronocoulometry. Chronocoulometric curves were obtained by 
applying a potential of 0.5 V vs. Ag/AgCl for 20 s and recording the transient current. 

RESULTS AND DISCUSSION 
XRD analysis 

The results of the XRD analysis for the carbonized samples are presented in 
Fig. 1. 

The crystalline phases expected for bentonite were observed: smectite, 
quartz, feldspar and calcite.24 It is well known that the incorporation of quater-
nary ammonium cations (QAC) into interlamellar space results in the increase of 
d001 values of smectite.1 The previous studies of this group have shown that the 
incorporation of QAC in the different amounts corresponding to the cation exchange 
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capacity (CEC) of smectite leads to the formation of different molecular 
arrangements, depending on the structure and QAC alkyl chain length.16,25–27 
Short-chain QAC dominantly forms monolayers with characteristic d001 ≈ 1.4 
nm, while longer chain QAC make bilayers structure (d001 ≈ 1.8 nm) with the 
alkyl chain axes parallel to the silicate layers.1 Pseudo-trimolecular arrangement 
structures of kinked alkyl chains are observed with highly charged smectites 
and/or long surfactant cations and exhibit d001 ≈ 2.2 nm.1 The specific arrange-
ments of organic cations in samples with the amount of QAC equal to CEC are 
summarized in Table I. 

 
Fig. 1. X-ray diffractograms of carbonized bentonites (Sm – smectite, Q – quartz, F – feldspar 

and C – calcite). 

TABLE I. Basal spacing values previously obtained for the samples with QAC incorporated in 
the amount equal to CEC 
Sample d001 / nm QAC arrangement Ref.  
HDTMA-B 2.00 Pseudo-trimolecular layer 13 
DDTMA-B 1.78 Bimolecular layer 22 
BTMA-B 1.46  Monomolecular layer 23 
TMA-B 1.40  Monomolecular layer 24 

c-HDTMA-B, obtained by the carbonization of 1.0 HDTMA-B, showed 
d001 = 1.40 nm which is in agreement with the previous findings.28 Taken into 
account that the elemental silicate sheet of Bogovina smectite is approx. 1.01 
nm28 the interlamellar distance of 0.40 nm is almost the same as reported by 
Ruiz-García et al.29 for sucrose carbonated smectite.  

The value of 0.40 nm is in good agreement with the formation of a carbon 
monolayer between smectite lamellae.29,30 According to literature data, the type 
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of organic precursor and clay mineral had a strong impact on the formation of 
carbon structure and thickness.29–31 The c-DDTMA-B besides the presence of 
d001 of 1.40 nm also showed the reflection that corresponded to collapsed struc-
ture with the characteristic basal spacing of ∼1.0 nm.1 Only the collapsed struc-
ture was detected for c-TMA-B and c-BTMA-B samples derived from the short- 
-chain and the aromatic QAC precursors, respectively. Based on the obtained 
results, it seems that the samples with lower carbon content, either due to the 
smaller number of carbon atoms present in QAC precursor or lower loading of 
QAC,16 led to the formation of the collapsed structure during the applied 
carbonization procedure at elevated temperature. 
Textural properties 

Nitrogen adsorption/desorption isotherms for carbonized bentonites (Fig. 2a) 
exhibited similar profiles.  

 
Fig. 2. a) Nitrogen adsorption/desorption isotherms recorded for carbonized bentonites; 
b) corresponding pore size distributions obtained by the Barrett–Joyner–Halenda (BJH) 

method. 

All investigated samples were of Type IIb, according to the IUPAC clas-
sification, with the H3 type hysteresis loop.21 The H3 loop is characteristic of 
powders and aggregates of plate-shaped particles, clays, and pigments. Hysteresis 
loops at higher relative pressures are the result of capillary condensation. Nar-
rower hysteresis loops, such as those obtained for c-DDTMA-B and c-BTMA-B 
samples, usually indicate irregularly shaped aggregates. 

The specific surface area and total pore volume (Table II) of the carbonized 
bentonites depended on the organic precursor used for the synthesis of organo-
bentonites. The lowest value was obtained for c-HDTMA-B and the highest for 
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c-TMA-B reflecting the amount of carbon generated in the pores of bentonite 
upon the pyrolysis of the organic precursor. 

TABLE II. Textural properties calculated from N2 adsorption-desorption isotherms; SBET is 
specific surface area; V0.98 is total pore volume estimated from the amount of nitrogen ads-
orbed at the relative pressure of 0.98; Dmax is the maximum pore diameter 
Sample SBET / m2 g-1 V0.98 / cm3 g-1 Dmax1 / nm Dmax2 / nm Dmax3 / nm 
c-HDTMA-B 27 0.093 4.0 7.0 – 
c-DDTMA-B 47 0.130 3.9 8.7 20.7 
c-BTMA-B 34 0.102 4.1 6.7 – 
c-TMA-B 89 0.127 4.0 6.1 – 

The pore size distribution in the mesoporous region obtained by the BJH 
method (Fig. 2b) exhibits two peaks in the mesoporous region. The first peak had 
maxima at about 4.0 nm and is characteristic of clays rich in smectite.32 The 
second peak had the maxima within the range from 6.1–8.7 nm and can be con-
sidered as the indicator of precursor influence. The third maximum at 20.7 
appeared only for the c-DDTMA-B sample. 
Raman spectroscopy 

Raman spectra (Fig. 3) were recorded in the Raman shift range from 2200 to 
800 cm–1. 

Fig. 3. Raman spectra of c-HDTMA-B, c-DDTMA- 
-B, c-BTMA-B and c-TMA-B in the range between 
2200 and 800 cm-1. 

The Raman spectra of the investigated carbonized clays were similar. The 
typical D and G bands can be observed at ∼1580 and ∼1380 cm−1 representing 
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the graphitized and disordered sp2 structure. The G band corresponds to the in- 
-plane, doubly degenerated E2g phonon at the graphene Brillouin zone centre. 
The D peak is linked to the breathing modes of the sp2 rings and requires a defect 
for its activation.33 In addition, the band at 1180 cm–1 observed in all spectra 
could be attributed to the contribution of sp3 carbon vibrations.34 The appearance 
of the D peak is correlated to the presence of aromatic rings or the formation of 
clusters in the amorphous carbon.35 The noticeable difference of the D peak in 
the c-HDTMA-B and c-DDTMA-B spectra are the result of different arrange-
ments of the organic precursor in the smectite interlamellar space. HDTMA was 
arranged in a pseudo-trimolecular layer enabling the formation of more clusters. 
According to Ferrari and Robertson,35 unlike in graphite, the development of the 
D peak in amorphous carbons indicates ordering. The same peak in the c-BTMA- 
-B spectrum arose because of the presence of an aromatic ring. 
Electrochemical properties of carbonized bentonite 

The electrochemical properties of the carbonized bentonite were first tested 
using cyclic voltammetry in 1 mM potassium hexacyanoferrate (II) in 0.2 M KCl 
(Fig. 4a). All recorded cyclic voltammograms (CVs) showed the characteristic 
pair of peaks corresponding to the oxidation and the reduction of [Fe(CN)6]3−/4−. 
The response of anionic probe on cationic clay greatly depends on the modific-
ation of the clay. Smectite sheets have a permanent negative charge introduced 
by isomorphic substitution. It is expected that these charges would repel the 
anionic redox probe. However, the cationic sites present at the edges of clay par-
ticles36 and/or introduced by clay modification provide the sites for interaction 
with the anionic probe. CVs recorded using c-HDTMA-B and c-DDTMA-B con-
taining electrodes were similar, as expected, because of the similarity of mole-
cules of the used organic precursors. The peak-to-peak separation was 0.43 V, 
Ia/Ic ratio was 1.05 and half-wave potential was 0.31 V. CV of c-BTMA-B elec-
trode exhibited lower peak-to-peak separation of 0.23 V. The Ia/Ic ratio was 0.9 
and the half-wave potential was 0.26 V. c-TMA-B electrode showed the highest 
current, although the peak corresponding to the oxidation of [Fe(CN)6]4– was not 
well resolved. The estimated peak-to-peak separation and the half-wave poten-
tials were 0.30 and 0.26 V, respectively. The shift of the half-wave potentials and 
peak-to-peak separation toward lower values for c-BTMA-B and c-TMA-B 
showed that [Fe(CN)6]4– was more easily oxidized at these electrodes with faster 
electron transfer. The results of the CV of c-BTMA-B the Ia/Ic ratio to be below 
unity indicating better retention of the formed [Fe(CN)6]3– at the electrode 
surface. The presence of [Fe(CN)6]3– on the electrode surface additionally con-
tributed to the repulsion, thus increasing the charge transfer resistance. 

The response of the carbon paste electrode also depends on the source of 
carbon. In our previous publication,37 we have investigated the influence of gra-
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phite and carbon black on the response of carbon clay-based electrodes. Better 
results were obtained with carbon black, although the graphite-based electrodes 
showed improvement in comparison to the electrodes based only on carbon clay, 
without the addition of an external carbon source. 

 
Fig. 4. Carbon paste electrodes modified with different clay samples: a) cyclic 

voltammograms recorded in 1 mM K4[Fe(CN)6] + 0.2 M KCl at a scan rate of 50 mV s-1; 
b) Nyquist plot recorded in the same solution in OCP; c) Bode plot recorded in 
the same solution in OCP; d) the equivalent electric circuit used to fit EIS data. 

Further investigation was performed using the electrochemical impedance 
spectroscopy (EIS) in the same solution. The Nyquist plots obtained for the c- 
-HDTMA-B and c-DDTMA-B electrodes (Fig. 4b) were similar to each other 
and consisted of two depressed semi-circles. The accompanying Bode plots (Fig. 
4c) showed two relaxation time constants. Hence, these spectra were fitted with 
an equivalent circuit consisting of the series combination of an internal resistance 
Rs, a parallel Rct1–CPE1 and a parallel Rct2–CPE2 (equivalent circuit A). The 
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first Rct–CPE pair corresponds to the charge transfer resistance and the capacit-
ance accompanied with the charge transfer resistance. The second Rct–CPE pair 
describes the second semi-circle at lower frequencies and corresponds to the 
ionic resistance in the electrode and the diffusion impedance. The Nyquist plots 
obtained for the c-BTMA-B electrode and the c-TMA-B electrode consisted of a 
semi-circle and the linear part. The accompanying Bode plots (Fig. 4c) exhibited 
one relaxation time constant. Hence, these spectra were fitted with a modified 
Randles circuit (equivalent circuit B) consisting of internal resistance (Rs) in a 
series with a parallel combination of a double-layer capacitance represented with 
a constant phase element (CPE2) and an impedance of a faradaic reaction (serial 
combination of charge transfer resistance, Rct, and a constant phase element 
(CPE1)). The constant phase element (CPE) is often used to replace the double- 
-layer capacitance (Cdl) and the Warburg impedance in the original Randles cir-
cuit. The capacitance element CPE will become the pure capacitance, pure resist-
ance, and Warburg impedance when n = 1, n = 0 and n = 0.5, respectively. The 
resistor (R), capacitor (C) and Warburg impedance element (W) can, therefore, 
be considered to be a special case of CPE.38 The results obtained using fitting 
with these circuits are presented in Table III. The highest value of charge transfer 
resistance was obtained for c-BTMA-B.  

TABLE III. The electrochemical parameters obtained by fitting the EIS data recorded using 
the electrodes with the CB/clay ratio of 1:20 in 1 mM K4[Fe(CN)6] in 0.2 M KCl 
Electrode Rs / kΩ Rct1 / kΩ Q1

a / µS sn1 n1 Rct1 / kΩ Q2 /µS sn2 n2 
c-HDTMA-B 3.8 7.8 0.9 0.7 388 5.7 0.4 
c-DDTMA-B 5.3 21.5 0.6 0.7 345 4.3 0.4 
c-BTMA-B 7.0 105.0 25.7 0.6 4.1 – 0.5 
c-TMA-B 9.8 12.5 29.3 0.5 9.1 – 0.4 
aThe impedance of constant phase element: Z = 1/Y = 1/(iω)nQ; where Y is admittance, i is the imaginary unit, ω 
is the angular frequency, n is the exponent associated with the system inhomogeneity and Q has the numerical 
value of the admittance 1/|Z| at ω = 1 rad/s 

The behaviour of the redox probe [Fe(CN)6]3–/4– is influenced by the elec-
tronic properties, microstructure, and surface properties of the electrode sur-
face.39 The investigated composites contained bentonite, and its negative surface 
charge repulses the negatively charged redox probe.8 However, the positively 
charged pH-dependent sites enable the interaction of the clay-modified electrodes 
with the negatively charged redox probe.  

At the pH of the used electrolyte (pH 5.5), >AlOH and >SiOH groups are 
present at the clay surface because of the deprotonation of >AlOH2+ and 
>SiOH2+ at lower pH values.40 The PZC measurement16 revealed that the con-
tribution of a variable charge was less pronounced at carbonized clays, especially 
for those with higher carbon content. On the other hand, the carbonized bento-
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nites showed to have a different distribution of surface groups in comparison 
with that of the starting bentonite. Besides that, they contain additional surface 
groups, such as >C=O, >COOH, >C-OH, >NH2,41,42 and some of them (>COOH 
groups) are shown to have an inhibitory effect on the electrochemistry of 
Fe(CN)63–/4–.43 

The intercept of the semicircle with the real axis at higher frequencies repre-
sents the internal resistance, Rs. The internal resistance mainly represents the res-
istance of the bulk electrolyte. The value of Rs increased in the following order: 
c-HDTMA-B < c-DDTMA-B < c-BTMA-B < c-TMA-B. The observed shift of 
the Rs to higher values can be ascribed to the increase of the ionic resistance of 
the electrode surface,44 i.e., the electrode layer adjacent to the bulk electrolyte. 
The increase of the thickness of this layer, i.e., the increase of the depth of the 
electrolyte penetration into the electrode,45 led to the increase of Rs.  

The electrosorption properties of investigated carbonized bentonites were 
tested from 0.2 M NaCl and 0.2 M Na2SO4. The anodic polarization was applied 
to test the sorption of anions and the obtained chroncoulometric curves were 
normalized for the sake of comparison (Fig. 5). 

 
Fig. 5. Normalized chronocoulometric curves of carbonized bentonites in: a) 0.2 M NaCl and 

b) 0.2 M Na2SO4. 

The time constant (τ = RC) can be obtained by applying:46 

 
0

ln 1 Q t
RCQ

 
 − − =
 
 

 (1) 

where Q0 is the electrode’s charge at the equilibrium, t is the time of the pulse, R 
is the resistance and C is the electrode's capacitance. 

The time constant, obtained as a slope of the linear part of the plot, is 
presented in Table IV. 

The electrosorption depends on the average pore dimensions,47 the ionic 
charge and the hydrated radius.48 The electrosorption was hindered by the pre-
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sence of smaller pores resulting in the higher values of time constants. The values 
of the obtained time constants correlate with the values of the second maxima 
obtained from the N2 adsorption-desorption isotherms: the higher the constant 
the smaller pore diameter. The shorter time constants were obtained for chlorides 
than for sulfates. The slower kinetics of electrosorption recorded for the sulfate 
ions is the consequence of their higher charge that caused stronger electrostatic 
interactions. 

TABLE IV. Time constants (s) of the carbonized bentonite electrodes calculated from the 
chronocoulometric curves recorded in 0.2 M NaCl solution and 0.2 M Na2SO4 solution 

Electrode Solution 
NaCl Na2SO4 

c-HDTMA-B 9.80 10.39 
c-DDTMA-B 8.73 9.11 
c-BTMA-B 10.29 11.33 
c-TMA-B 10.75 11.40 

CONCLUSION 

Organomodified bentonite composite, prepared by the use of different alkyl-
ammonium salts (HDTMA, DDTMA, BTMA and TMA), was pyrolyzed and car-
bon-bentonite hybrid composites were obtained. The carbonized bentonites were 
characterized using the XRD, low-temperature N2 physisorption and Raman 
spectroscopy. The structure with the defined d001 basal spacing was found only 
for HDTMA-derived sample, while the samples derived from organoclays with 
shorter chains showed the presence of collapsed structures. Extreme values of the 
specific surface area and pore volume were obtained for the carbonized clay 
originating from the bentonite modified with the surfactant with the highest and 
lowest numbers of carbon atoms. The Raman spectroscopy confirmed the form-
ation of amorphous carbon in the carbonized bentonites. 

Electrochemical impedance spectroscopy and cyclic voltammetry showed 
that the carbonized bentonite sample derived from TMA-clay exhibited the high-
est electrochemical activity toward the Fe(CN)63-/4- redox couple. The internal 
resistance of the samples increased with the decrease of the chain length of the 
used organic precursor. The chronocoulometry was used to study the electrosorp-
tion properties of carbonized bentonites toward chloride and sulphate ions. The 
electrosorption was hindered at the samples with smaller pores. The type of org-
anic precursor influenced the pore size of the carbonized bentonite and their elec-
trosorption properties.  
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И З В О Д  

ЕЛЕКТРОХЕМИЈСКА СВОЈСТВА КАРБОНИЗОВАНИХ БЕНТОНИТА 

НАТАША П. ЈОВИЋ-ЈОВИЧИЋ1, ДАНИЦА В. БАЈУК БОГДАНОВИЋ2, ТАТЈАНА Б. НОВАКОВИЋ1,  
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Органомодификовани бентонити су добијени модификацијом бентонита из локал-
ног рудника Боговина са четири различита алкиламонијум јона у количини која је јед-
нака његовом капацитету јонске измене. Карбонизовани бентонити, добијени пиролизом 
органомодификованих бентонита у струји азота, окарактерисани су помоћу дифракције 
Х-зрачења (XRD), нискотемпературском физисорпцијом азота и Раманском спектроско-
пијом. Структурна и текстурална својства карбонизованих бентонита зависe од уређења 
алкиламонијум катјона у одговарајућем полазном органомодификованом бентониту. 
Резултати карактеризације су показали да особине узорака зависе од распореда алкил-
амонијум катјона у органомодификованом бентониту од ког су настали, док је Раманска 
спектроскопија потврдила присуство аморфног угљеника. Добијени карбонизовани 
бентонити су коришћени за модификацију електроде од пасте угљеника. Модификоване 
електроде су испитане помоћу цикличне волтаметрије и електрохемијске импедансне 
спектроскопије. Електросорпција хлорида и сулфата је проучавана помоћу хронокуло-
нометрије. Резултати су протумачени на основу присутних површинских група и 
текстуралних својстава карбонизованих бентонита. 

(Примљено 27. јануара, ревидирано 22. марта, прихваћено 26. марта 2022) 
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