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Abstract: The surfaces of natural (NZ) and zeolite/iron oxyhydroxide composite
(ZFe) samples were analysed by means of inverse gas chromatography (IGC)
using the adsorption data of organic non-polar and polar probes, in the infinite
and finite-dilution regimes, in the temperature range 483—513 K. The dispersive
components of the free energy of adsorption, yg, determined by the Gray method,
decreased with increasing temperature for both zeolites. The specific interactions
were characterised by the specific free adsorption energy change, AG,S, the
specific enthalpy change of adsorption, AH,S, as well as the donor and acceptor
interaction parameters (K, Kp) and the basic character of the NZ and ZFe was
evidenced. The adsorption isotherms of n-hexane, benzene, chloroform and
tetrahydrofuran (THF) were determined under finite surface coverage and used
to estimate the specific surface area and the adsorption energy distribution. The
adsorption capacity of the ZFe was higher than for NZ for all the investigated
adsorbates. The specific surface areas and pore size distributions were also
determined using nitrogen adsorption—desorption isotherms, i.e., the BET
method. It was observed that the nature of the adsorbate and the properties of the
solid surface of the initial and modified samples governed the uptake of
adsorbates.

Keywords: surface characteristics; electron donor—acceptor properties; specific
surface area; adsorption energy distribution.
INTRODUCTION

Zeolites are microporous hydrated crystalline aluminosilicate minerals (Mx /
n[(Al02)x(S102),]-zH70, where M are alkali (n = 1) or alkaline (n = 2) earth metal
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cation) consisting of three-dimensional structures of SiO4 and AlOy, tetrahedrally
linked by oxygen atoms to form a structure which contains channels and cavities.
Zeolites are various types of minerals that differ in their formula which generate
variation in their Si/Al ratio, amount of cations, framework structure, porosity,
surface area, and the surface properties (e.g., hydrophobicity and acidity).! The
isomorphous replacement of Si** by AI3* results in a net negative charge that is
compensated by alkali and alkaline earth metal cations within the framework.
These frameworks are open so cations and water molecules have freedom of
movement. As such, they are ideal molecular sieves and a high level of selectivity
can be achieved in catalysis and ion-exchange. Due to their unique structure and
properties (thermal stability, cage structure of molecule size, ion exchange, efc.)
zeolites are widely used as adsorbents, 2> catalysts®7 and cation exchangers.$-?

The adsorption properties of natural zeolites have been improved by different
physical and chemical modifications.> Many researchers reported that mixed
systems synthesised from oxides and/or hydroxides of iron (also active adsorbents)
and zeolites were able to adsorb high concentrations of inorganic species. The
adsorption capacities for Mn2*,10 Cu2+ 11 7Zn2* 12 and Pb2+,13.14 Cd2* and
Zn2*+,15.16 A5(V)17 as well as dyes,!8:19 have been significantly increased. The
desired impact of surface modification exists in the increase of specific surface
area, better distribution of the particles of iron spices within the composite mat-
erials, presence of the new functional groups on the surface; ion exchange due to
the presence of easily exchangeable ions; and hydroxide precipitation caused by
the higher point of zero charge of the modified zeolite compared to natural zeo-
lite.16 But, the effect of chemical modification on their surface energy has been
rarely reported.

Inverse gas chromatography (IGC) is a gas phase technique that provides
information on the thermodynamic, surface energy, morphological parameters
(such as, surface area and porosity), acid—base properties, glass transition temper-
atures, surface energy heterogeneity and reaction kinetics associated with gas—
—solid adsorption and catalytic reactions. In addition, the adsorption character-
istics, such as isotherms and heats of adsorption, can be obtained from chromato-
graphic experiments. The term “inverse” refers to reversal of the usual roles of the
stationary and mobile phases used in conventional gas chromatography. In inverse
gas chromatography, the stationary phase of the chromatographic column (solid
material, such as a powder, fibre or film placed in a column) is of interest, in
contrast to conventional gas chromatography when the mobile phase is the subject
of interest. This stationary phase is then characterised by monitoring its interaction
with volatile probe molecules of known properties as they are carried through the
column via an inert gas. IGC has been widely used to study surface properties of
various materials, such as synthetic and biological polymers, copolymers, polymer
blends, adsorbents, foods, carbons, clays and catalysts.20
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The present work was devoted to a detailed analysis of the interactions of
natural and of iron oxyhydroxide modified zeolite with organic molecules from the
gaseous phase at zero and finite surface coverage using inverse gas chromato-
graphy. The retentions of organic compounds of different chemical nature and
polarity (non-polar, polar, donor or acceptor) were measured in the temperature
range 483-513 K. The objectives of this study were to estimate and to compare: i)
the thermodynamic parameters of adsorption (enthalpy and entropy), the dis-
persive and specific interactions of various organics with zeolite samples under
infinite surface coverage, ii) the acid/base constants of zeolite samples, which
describe the ability of a surface to act as electron acceptor or donor; iii) the ads-
orption isotherms and adsorption energy distributions for the adsorption of hexane,
benzene, chloroform and tetrahydrofuran onto examined zeolites under finite
surface coverage.

EXPERIMENTAL

Natural zeolite (NZ) from the Slanci locality, Serbia, and zeolite modified by iron(III)
(ZFe) were used as adsorbents. The natural zeolite contained clinoptilolite as the dominant
phase with lower contents of quartz and feldspar. The ZFe was prepared by the addition, under
stirring, of 180 mL of 5 M KOH solution to a suspension of 20.0 g of natural zeolite and 100
mL of freshly prepared 1 M FeCl; solution, according to the method applied for synthesised
pure goethite.!12! The suspension was diluted with deionized water to 2 L and held in a closed
polyethylene flask at 70 °C for 60 h. The obtained brown-reddish precipitate was centrifuged,
washed to remove Cl- and dried at 105 °C. X-Ray diffraction analysis showed lower crystallinity
of ZFe in comparison to the parent zeolite, and also that the ZFe contained an amorphous iron
phase. According to the results of characterisation and properties, presented in the previous
work, '3 it was assumed that an iron oxyhydroxide, phase similar to goethite, but not crystalline,
was formed on the zeolite.

The specific surface areas and pore size distributions of the NZ and ZFe were estimated
from nitrogen adsorption—desorption isotherms determined using a Micrometrics ASAP 2020
instrument. Before the measurements, the NZ and ZFe were degassed at 240 °C (the highest
IGC experimental temperature) for 10 h under reduced pressure. The specific surface areas of
samples (SggT) were calculated according to the Brunauer, Emmett, Teller (BET) method from
the linear part of the nitrogen adsorption isotherm.2? The total pore volume (V,,,) was given at
p/po =0.998. The volume of the mesopores and pore size distribution were analysed according
to the Barrett, Joyner and Halenda method from the desorption isotherm.?? The volume of the
microspores was calculated according to ¢-plot analysis?* using the Harkins—Jura thickness curve.

The following test compounds, purchased from various commercial suppliers, were used
as IGC adsorbates: n-pentane, n-C¢H, 4, n-heptane, n-octane, CHCl;, diethyl ether (DEE), ethyl
acetate (EtAc), THF, cyclohexane and C¢Hg. All test compounds were of HPLC grade.

IGC measurements were performed on a Perkin Elmer 8700 gas chromatograph equipped
with a flame ionization detector (FID). Stainless steel columns with passivated inner walls (50
cm long and 30 cm long, internal diameter of 2.2 mm) were packed with 1.68 g of NZ (in the
first series of experiments) and with 1.02 g of ZFe (in the second series of experiments). The
two ends of the columns were plugged with silane-treated glass wool. Before the adsorption test
of the probes, the columns were stabilised overnight on the GC system at the working
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temperature under a nitrogen flow without connection to the detector in order to avoid detector
contamination.

High purity nitrogen was used as the carrier gas at a flow rate of 3 cm?min‘! for NZ and 6
cm? min'! for ZFe, measured with a soap bubble flowmeter and corrected for the pressure drop
in the column using a pressure gradient correction factor (j). The measurements were performed
in the temperature range 483—513 K. The injector and the detector temperature were set at 563
and 593 K, respectively.

For the IGC measurements under infinite dilution conditions, minor amounts of gaseous
solutes were injected manually, at least in triplicate, which permitted the lateral interactions
between adsorbed molecules to be neglected. The chromatograms were collected and the ret-
ention volumes determined as the difference between the peak maxima and the column “dead
time”, measured with methane as a non-interacting marker. In the case of finite surface cover-
age, amounts from 0.5 to 10 pl of n-C¢H4, C¢Hg, CHCl; and THF were injected. The retention
times and peak areas were based on the average of several injections of each sample.

RESULTS AND DISCUSSION

The specific surface area was measured by the conventional nitrogen ads-
orption—desorption technique. Adsorption—desorption isotherms at =196 °C on NZ
and ZFe and pore volume and pore size distribution are presented in Fig. 1. The
measured BET surface area, mesopores and micropores volume, the overall pore
volume and Dy« — the pore size at which the density of the pore size distribution
achieves its maximum and D, — the average pore diameter are given in Table L.

The ZFe sample showed a hysteresis pattern, which was associated with the
filling and emptying of the mesopores by capillary condensation, but did not show
a plateau at high p/pg values. The hysteresis loop is of type H3. The type of
hysteresis pattern indicates the presence of slit-like pores.2> The shape of the nit-
rogen isotherm for ZFe is characteristic for Type IIb, indicating that the material
contained both mesopores, which are responsible for the hysteresis, and macro-
pores, which results in the absence of plateau-like mesoporous Type IV iso-
therms.22 The obtained #-plot for ZFe indicates that no micropores were present.
The NZ sample showed a low adsorbed volume at low and intermediate relative
pressures, indicating a small contribution of micropores to the total pore volume
(which was confirmed by #-plot analysis), but a high adsorbed volume and a hys-
teresis at higher relative pressures. According to Kuila and Prasad?> the isotherm
shape indicates that NZ had negligible micropores and fine mesopores but had a
significant volume of larger mesopores and macropores.

The obtained chromatographic peaks for NZ and ZFe were symmetric and had
maxima independent of the amount injected, which indicated that the adsorption
occurred at zero surface coverage when the lateral interactions between the
molecules adsorbed at the surface can be neglected. The net retention volumes, 'y,
were calculated according to Eq. (S-1 of the Supplementary material to this paper)
and used for the determination of the adsorption enthalpy change, AH,, and
adsorption entropy change, AS, (Table II). Generally, more negative values of AH,
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correspond to stronger interactions between the adsorbate and adsorbent. As was
expected, the AH, values for the n-alkane homologous series increased with the
chain length, the molecular weight, the boiling points, and the molar refraction for
both zeolite samples, NZ and ZFe (Table II). It is evident from the data in Table II
that CgHg exhibited a more negative AH, value than the corresponding values for
the aliphatic and alicyclic hydrocarbons (n-CgH 14 and ¢-CgH13), probably because
of the interactions occurring between the n-electrons in the aromatic rings and the
surface functional groups. Similar results were found by Diaz et al.2® for the
adsorption of ¢-CgH13, CgHg and n-CgH14 onto zeolite SA and zeolite 13X.
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The adsorption enthalpies for n-alkanes were higher in the case of the ZFe.
According to the values of the adsorption enthalpies (Table II) the NZ sample
exhibited some larger interactions with DEE, THF, CgHg and ¢-CgH 1>, as a result
of the presence of Lewis acid and Lewis base sites, whereas the ZFe samples
showed stronger interactions with CHCl3 and EtAc, suggesting an increase in
donor properties by the formation of layers of iron oxyhydroxide on the surface
and in the zeolite structural channels. During the modification, the dimensions of
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the channels decreased and some acceptor sites were blocked, resulting in weaker
interactions of cyclic and aromatic molecules with the ZFe.

TABLE I. The textural properties of the zeolites (240 °C)

Sample SBET Vpore,total Vmicro,pore Vmeso,pore D, max D avg

m2- g_l cm3- g_l cm3- g_l cm? .g_l nm nm
NZ 27.7 0.126 0.0054 0.123 23.3 20.9
ZFe 143 0.256 0.005 0.248 2.89 6.02

TABLE II. Enthalpy change of adsorption AH,, and entropy change of adsorption AS,, on the
NZ and ZFe

Adsorbate NZ ZFe
—AH,/kJmol'  -AS,/Jmol' K'!  —-AH,/kJmol' -AS,/Jmol!K'!

n-CsH,, 13.89 133%0.1 17.75 19.420.1
n-CgHyy 18.48 19.5 0.1 22.97 24.120.1
n-CyH, 21.80 23.340.1 27.17 26.0+0.1
n-CgHyg 26.89 30.240.1 33.43 32.420.1
CHCl, 22.00 25.8+0.2 138.4 267+0.5
EtAc 27.63 21.6+0.1 45.40 56.8+0.2
DEE 33.01 32.3+0.1 20.58 6.70+0.1
THF 37.81 31.4+0.2 20.64 8.70+0.1
¢-CeH 18.43 18.720.1 15.00 8.2040.1
CoHy 52.64 78.420.2 50.00 63.420.1

The data obtained from the interactions of the zeolite surfaces with n-alkanes
were used to calculate the dispersive component of the surface free energy, y4,
according to Eq. (S-5) of the Supplementary material. The values of AGcyp for
different temperatures were calculated as the slopes of the dependences of AG, for
n-alkanes, calculated according to Eq. (S-2), on the number of carbon atoms in the
alkanes, nc (Fig. 2). As expected, the values of AG, for n-alkanes increased
linearly with the chain length. The calculated y¢ values for NZ were 17.89 mJ m~
2at 513K, 18.37 mJ m2 at 503 K, 19.17 mJ m2 at 493 K and 20.54 mJ m2 at
483 K while for ZFe values were 76.73 mJ m2 (513 K), 77.11 mJ m2 (533 K),
77.18 mJ m2 (493 K) and 77.24 mJ m~2 (483 K).

The y¢values for both investigated samples gradually decreased with inc-
reasing temperature in the investigated range, whereby the influence of tempera-
ture was greater for NZ than for ZFe. This decrease was attributed to the entropic
contribution to the surface free energy change. The yd values for the NZ sample
were similar to those reported in the literature,27-28 while the 7§ values for ZFe
were higher than those obtained for NZ. As in the case of the AH, values for
n-alkanes, the higher values of ¢ for ZFe in comparison to those for NZ indicated
stronger bonds between n-alkanes and the surface functional groups of ZFe than
with surface of NZ. This could be the result of the existence of structural
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SURFACE PROPERTIES OF ZEOLITES 389

heterogeneities on the lateral surface, into which linear alkanes are inserted, as well
as the differences in structure, surface area and porosity due to the presence of iron
oxyhydroxide in the modified sample.
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The plot of —AGj, versus Ty, in the case of n-alkanes is straight line, the “alk-
ane line” (Figs. S-1 and S-2 of the Supplementary material). Due to specific inter-
actions, the AG, values for the polar probes are located off the alkane straight line
in the dependence of AG, on the adsorbate boiling point, 7},. The specific
component of the free energy of adsorption (Table III) was determined from the
difference between the free energy of adsorption for a polar probe and the free
energy of adsorption for a real or hypothetical n-alkane with the same boiling
point, T,. The values presented in Fig. 3 and Table III indicate that the examined
powders interact specifically with both a strong acid (CHCI3) and a strong base
(THF), exhibiting thereby both donor and acceptor character.

It is obvious that interactions of ZFe with polar probes are stronger than those
of NZ, which indicates that the functional groups on the ZFe surface are more polar
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than those on the NZ surface. Furthermore, the specific interactions are higher for
the aromatic ring (CgHg) than for cycloalkanes. When benzene adsorbs on zeolites,
there are two kinds of adsorption sites, i.e., Lewis acid sites (hydroxyl protons
covalently bonded to oxygen atoms bridging the framework silicon and aluminium
atoms and cationic extra framework aluminium species A3, Al(OH)2*, and
Al(OH)?)29 interact with the benzene ring, and Lewis base sites, oxygen atoms in
the zeolite structure, which have a very high interaction with benzene.

TABLE III. The specific free adsorption energy change (—AGS) at 513 K and —AHS values of
polar probes for NZ and ZFe

Adsorbate Nz ZFe Nz ZFe
~AGS /kJ mol! ~AG3 /kJ mol! ~AHS /kJ mol! ~AH; /kJ mol!
CHCI, 6.12 19.0 25.9 34.7
EtAc 8.29 22.7 59.1 67.9
DEE 16.5 30.4 422 43.5
THF 15.5 273 42.0 40.0
c-CeHpy 428 15.0 247 32.4
CeHg 8.04 21.9 59.0 67.5
50
B cricy,
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Fig. 3. The free energy change of adsorption (AG,) of the polar probes
on NZ and ZFe at 513 K.

The values of the specific enthalpy change of adsorption, AHS for polar ads-
orbates (Table III) were obtained by plotting AGS/T versus 1/T and used for the
determination of the acid constant, K s, and basic constant Ky according to Eq. (S-
8) (Fig. 4). The determined values of Kp and K were 2.01 and 0.458 for NZ and
2.97 and 0.413 for ZFe.

The influence of the modification on surface properties of the NZ was con-
firmed by the values of Kp and K. The surface of the NZ exhibited predominantly
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basic character with a Kp/Ka ratio of 4.39, but surface of the ZFe showed a higher
basic character with the ratio of Kp/Kx = 7.20.
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, , : _ Fig. 4. Plotof —AHS / AN * versus DN/
0 10 20 - 40 /AN* for the adsorption of polar probes
DN/ AN onto NZ and ZFe.

Basic constant Kp is higher and acid constant is lower for ZFe than for NZ.
This is the result of the presence of basic Fe—OH groups on ZFe surface due to
deposition of Fe-oxyhydroxide during the modification. The acid—base properties
of the natural zeolite was in good agreement with those reported for zeolites MgY
(basic character, Kp/Ka = 3.50) and NH4Y (basic character, Kp/Ka = 2.61)
reported by Bilgic.27 It should emphasize that both samples interacted strongly
with chloroform, which is both an electron donor and electron acceptor. This
confirms that apart from having strong donor sites, there are some sites with
acceptor properties on the surfaces of the zeolites.

The adsorption behaviour of the natural and modified zeolite samples as a
function of both temperature and pressure was investigated by IGC under finite
conditions. The adsorption isotherms for n-CgH14, CgHg, CHCl3 and THF, plotted
as a (mol kg1) versus p (kPa), obtained at the temperature 483, 493, 503 and 513
K, are presented in Figs. 5 and 6, for NZ and ZFe, respectively.

The experimental isotherms were interpreted using the BET equation and the
BET fit is represented by dotted lines. The BET plots in the indicated range gave
excellent linearity for each adsorbate and for both samples. Monolayer capacity
om and the BET constant, C, were estimated using the slope and intercept of the
corresponding straight lines and listed in Table IV. The oy, values were used for
the calculation of the specific surface areas of the zeolites according to Egs. (S-13)
and (S-14) (Table IV).

The adsorption capacity of the ZFe increased for all investigated adsorbates.
This was expected because of the higher surface area of ZFe in comparison to NZ
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and stronger interactions of used organic molecules with the new functional groups
on the ZFe surface, which was proven by AG, determination at infinite coverage.
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Fig. 5. Adsorption isotherms for: a) n-CgH14, b) C¢Hg, ¢) CHCl; and d) THF on the NZ at
483-513 K.

The adsorption capacity of the zeolite increased after modification for all
investigated adsorbates. This was expected because of the higher surface area of
ZFe in comparison to NZ and stronger interactions of used organic molecules with
the new functional groups on the ZFe surface, which was proven by AG,
determination at infinite coverage.

According to the results presented in Table IV, the adsorption capacities of
the NZ and ZFe decreased in the following order: CHCl3 THF, C¢Hg and
n-CgH14. Previous IGC measurements at zero surface coverage showed the basic
character of the NZ and ZFe. CHCl3, as expected, had the greatest affinity towards
the zeolites surfaces due to strong acid—base interactions and high values of the
monolayer capacities were obtained. On the other hand, THF as a strong base is
expected to establish repulsive forces with the zeolite surface. However, the values
of monolayer capacity for THF adsorption were high for both the NZ and ZFe.
Obviously, despite the fact that the surfaces of the NZ and ZFe have dominantly a
basic character, there are also acid centers that interact with the strong base. A
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similar conclusion was reached according to the determined acid/base properties
of the NZ and ZFe at zero surface coverage.
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Fig. 6. Adsorption isotherms for: a) n-CgH,4, b) C¢Hg, ¢) CHCl; and d) THF on the ZFe at

483-513 K.

Comparing the specific surface areas obtained by IGC and by the standard
nitrogen adsorption method (Table I), it could be seen that the data for the NZ
agree reasonably well. However, in the case of the ZFe sample, the specific surface
area calculated from the IGC data obtained with n-CgH 4, C¢Hg, THF and CHCl;
were much lower than those obtained from nitrogen adsorption. This could be
explained by differences in the molecular size. The nitrogen molecule, due to its
smaller size (N, cross-sectional area is 0.162 nm?2), can penetrate into pores that
are inaccessible to the larger molecules of n-CgH |4, C¢Hg, THF and CHClI3 (pore
diameter of Fe—zeolite < diameter of molecule used). In the case of NZ, the
mesopores were larger (the average pore diameter was 20.9 nm) and approachable
for interaction with the organic probes.

The commonly accepted quantitative measure for the heterogeneity of the
surface energetics, the adsorption energy distributions function, y, that is related
to the isotherm a(p,T), were determined using Eq. (S-15). The calculated dis-
tribution function was dependent on the choice of the local isotherm, as well as on
the probe molecule.
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TABLE IV. BET equation constant, C, monolayer capacity, ¢, and specific surface area of NZ
and ZFe in the temperature range 483-513 K

Adsorbate T/K @y / mol kg'! C S, /m? g1
NZ ZFe NZ ZFe NZ ZFe
n-CgHy4 513 0.121 0.268 4.30 9.34 28.7 64.0

503 0.114 0.159 4.30 11.6 26.6 37.8
493 0.110 0.153 5.20 8.74 26.2 36.4
483 0.109 0.116 5.79 10.9 26.0 27.8
CeHg 513 0.146 0.350 7.87 293 26.9 64.1
503 0.146 0.308 9.80 20.7 26.8 56.1
493 0.135 0.258 9.90 23.6 24.8 47.2
483 0.134 0.238 9.96 22.1 24.6 43.7
CHCl; 513 0.170 0.372 7.73 3.98 28.9 63.5
503 0.168 0.369 5.57 6.33 28.6 62.8
493 0.167 0.357 4.40 6.25 28.5 60.8
483 0.164 0.319 4.22 6.40 28.0 54.4

THF 513 0.163 0.352 13.86 117 28.3 61.0
503 0.159 0.351 13.67 106 27.5 60.6
493 0.159 0.331 12.31 112 27.5 57.2
483 0.158 0.314 10.67 111 274 54.7

The distribution functions of the adsorption energy of the adsorption sites,
relating the number of sites with a given energy to discrete adsorption energy
values, measured with n-CgH14, CgHg, THF and CHCI3 at 513 K are presented in
Fig. 7a and b for the NZ and ZFe, respectively. Similar trends in the distribution
functions of the adsorption sites were observed for both zeolite samples. As it
could be seen from the plots that the number of adsorption sites with certain energy
increased with decreasing &z The obtained dependencies varied from one solid/
/adsorbate pair to another in terms of shape and the site number.

Similar values for the number of adsorption sites available on ZFe and on NZ
were obtained for all four adsorbates, which suggest that number of sites on the
zeolite surface did not change significantly during modification. The adsorption
sites for the NZ and ZFe were also of similar energies.

The curve that describes the heterogeneity function for CHCl3 was higher than
that for the other adsorbates (see Fig. 6), indicating that a larger number of
adsorption sites were involved in the interaction with CHCl3 This is probably the
result of the strong acid—base interactions of the hydroxyl groups of the adsorbate
with the probe. Generally, y is not only a characteristic of the solid itself but is also
strongly dependent on the type of the solid/adsorbate combination.

The performed comparison of the adsorption energy distribution function, %,
for diverse sorbents enabled an evaluation of the heterogeneity of the surface
energetics of these sorbents. The investigated samples, in spite of differences in
porosity and sorption activity, were fairly similar in their degree of heterogeneity
of the surface.
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Fig. 7. Distribution functions of the adsorption sites measured with n-C¢H;4, CHCl;, THF and
CgHg at 513 K for: a) NZ and b) ZFe.

CONCLUSION

Inverse gas chromatography under finite and infinite conditions was used to
determine the surface properties of natural zeolite (NZ) and the influence of the
modification with iron oxyhydroxide on the surface properties of the zeolite
(sample ZFe).

Modification of the NZ considerably increased the dispersive component of
its surface energy, specific interaction with polar probes, as well as the adsorption
capacity for all investigated polar probes. Of the four adsorbates studied by finite
coverage IGC, CHCI3 had the greatest affinity towards the investigated zeolite
surfaces due to strong acid—base interactions.

The NZ and ZFe strongly interacted with both the electron donor and the
acceptor probes, as well as with the amphoteric probes. Based on the acceptor and
donor interaction constants (Kp and Kp values), the NZ and ZFe were found to
have a basic character.

The value of S, for the NZ calculated from IGC data were in good agreement
with those determined by the BET method. On the contrary, in the case of ZFe,
these results did not correlated successfully due to the differences in the molecular
sizes of the examined polar probes and nitrogen, as well as to the adsorbate—
adsorbent interactions.
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H3BOJ
I[MTPUMEHA UHBEP3HE 'ACHE XPOMATOI'PA®UIJE ITPU HYJITOJ U KOHAYHOJ
I[MPEKPUBEHOCTH 3A UCITUTUBAILE AIICOPITIUJE OPTAHCKHX MOJIEKYJIA HA
3EOJIUTY U KOMIIO3UTY 3EOJIMTA U I'BOXBE-OKCUXUIPOKCHUIA

CJIABULIA C. TJA3APEBUR!, MAPUJA T. MUXAJJIOBUR-KOCTUR? UBOHA M. JAHKOBUR-UACTBAH!, HOPEE T.
JAHARKOBHWR!' u PAJIA JI. [IETPOBUR!

"Texnonowxo—memanypwxu Gaxyniuein Ynusepsuimeiia y Beoipagy, Kapneiujesa 4, 11 000 Beoipag u
2Beotpagcru 80gosog u kananusayuja, Jenuipagcka 28, 11000 Beoipag

[TpumeHOM HHBep3He TacHe xpomarorpaduje, UCIIUTaHA Cy MOBPUIMHCKA CBOjCTBA MPH-
pornHor 3eonuta (NZ) u kommo3ura 3eoiauTa U reoxkhe-okcuxunpokcuaa (ZFe), xopuirhewmem
NI0JIapHUX U HETO/IapHUX 1Tpoda y yC/I0BUMa HyJITE U KOHaYHE IPEKPUBEHOCTH y TEMIIEPATYP-
HoMm oricery 483—-513 K. BpegHocTH gucriep3vBHE KOMIIOHEHTe C1000/IHE eHepTHje afCcopniyje,
ys, oopehene metogom I'peja, omapajy ca mopactom Temueparype 3a oda 3eonuta. Oppe-
husameM mpomeHe creuuduuHe crobomHe eHepruje apcopnuuje, AG.S, U IpoMeHe crenu-
(duune enranmuje ancopruuje, AH.S, koje oarosapajy kuceno/5asHAM HHTEPAKLMjaMa Ha YBP-
CTOj MOBPIIKHH, onpeheHu cy U akienTopckd U JoHOpcku mapameTpu (Ka u Kp) Ha oCcHOBY
KOjuX je yTBpheHo fa cy nospiuuHe y3opaka NZ u ZFe 6asHor kapakrepa. Ha ocHOBY nodujennx
aICOPILIMOHUX U30TEPMHU 33 n-XEKCaH, DEH3€eH, XI10podOpM U TeTpaxuapodypaH, IPUMEHOM
UHBEp3HE racHe xpomartorpaduje y ycIoBMMa KOHayHe NPEKPUBEHOCTH, H3padyyHare Cy
BPEJHOCTH crenM@HUuyHe MOBPLIMHE KAa0 M pacHofesa afCOpNUHOHe eHepruje. Kamamurer
ancopnudje y3opka ZFe je duo Behu y ogHocy Ha kamauuTeta y3opka NZ, 3a CBe HCIIHUTaHE
ancopdente. CiennduyHa NOBPIIKHA y30paka Kao 1 pacroesia BeJTHYrHe Me30mopa ogpehenun
Cy IPUMEHOM aJCOPIIUOHE/IECOPILIMOHE U30TEPME 3a TACOBUTH @30T, OAHOCHO mpuMeHoM BET
MeTojie. 3aK/byueHo je fa cy Ipupofa ascopdaTa v NOBPIIMHCKA CBOjCTBA afcopOeHara [1aBHU
(axTopH KOjU ompelhyjy KanauMTET afCOPNLUje.

(ITpumsbeHo 8. centembpa, peBuaMpaHo 8. okrodpa, mpuxsaheno 21. Hosem&pa 2023)
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