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Paper laboratory-produced from sepiolite, Goles-Serbia was studied to deter-
mine its sorption characteristics for nitric oxides, water vapor, and ammonia. The paper
adsorbed high percentages of nitric oxides and ammonia was stoichiometrically che-
misorbed on paper saturated with NO, and H,O. Infrared spectroscopy showed that the
sorption of nitric oxides and ammonia does not destroy the crystal lattice of sepiolite,
which was confirmed by XRD-analysis. Sorption of both nitric oxides and ammonia oc-
curred by zeolitic water inside the structural channels of sepiolite. Pressure swing ad-
sorption (PSA) or temperature swing adsorption (TSA) cycles can be repeated many
times, in the case of NO, and NHj.
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The mineral sepiolite has an idealized unit half-cell MggSij,0O30(OH)4(OH,)41H50,
where n=6-8. It has a fibrous morphology related structurally to Mg-Si bands with narrow
channels of specified widths on the fiber surface and contains zeolitic, bonded and constitu-
tive water molecules, which are released at different temperatures.! Owing to its channels
with dimension 0.6-0.9 nm, sepiolite can be classified as a molecular sieve. Miller and
Koltermann? found that at 293 K and atmospheric pressure CO,, SO,, n—C4Hjj,
CCI3NOy, and n-C4H9OH are adsorbed on sepiolite, whereas CO and N, are not adsorbed.
Dandy? investigated the adsorption of CH3NH,, CoHsNH,, and NH3 and concluded that
ammonia molecules enter into the channels, not only because of the molecular diameter of
about 0.4 nm, but also because of strong interaction with the channel walls.

Barrer and Mackenzie® suggested that the accessibility of sepiolite channels may
depend more on the polarity of a substance than on the dimensions of the molecules.
Both polar and nonpolar molecules can enter the channels, with a negative free energy
change for polar molecules and a positive one for nonpolar molecules. If the adsorbed
cations or water molecules are distributed within the sepiolite channels, the diffusion of
nonplolar molecules is suppressed. Thus, the adsorption of substances such as N», O»,
and CO» occurs at or near the channel entrance. From ESR measurements of ammonia
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adsorption on sepiolite, Hasashi and Makiyo> concluded that the sepiolite changes its
electron-spin state when ammonia is adsorbed. The adsorption compensates the charge
produced by the polarization of the planes of Mg, O and OH in the sepiolite crystal lat-
tice. The OH~and O~ planes are accessible to adsorbed gases, so the positive charges of
an oxygen plane are neutralized. In this case, the electrostatic potential of a negatively
charged Mg-plane is increased and a free electron moves into a cavity, so ammonia is
adsorbed as NH3*. In this way, adsorbed molecules, although they are not in direct con-
tact with a negatively charged Mg-plane, compensate the charge by the positive charge
of an oxygen plane.

Aznar et al. Serna et al.” and Gonzales-Roman et al.8 used infrared spectroscopy
(IR) to investigate the structure of sepiolite. According to Gonzales-Roman et al.8 the
main IR vibration region is between (14000 cm ! to 3000 cm™!, and in this range are
OH-extended bands of some important groups. The absorption at 3720 cm™! corresponds
to free SiO-H groups, and occurs only when samples have many external silanol groups;
at 3680 cm! the sharp band of the Mg3OH group appears; the absorption of structurally
bonded water is at 3580 cm~!; and the bands, attributable to zeolitic water are at 3440
cm! and 3640 cm!. There is another vibration band at 1655 cm!, which is attributable
to bonded water, while the shoulder at 1700 cm! is attributable to zeolitic water. The lat-
tice vibrations are between 1200 cm~! and 400 cm!; the connecting SiO bands are at
1200 cmr!, 1080 cm! and 980 cm™!, the Si-O-Si bands are at 1020 cm~! and 470 cmr1,
the Si-O-Mg bands are at 440 cm™!; and the Mg3OH bands are at 655 cm L.

Fernandez-Montreal and De Sande-Moreno? used sepiolite in the form of sepio-
lite ceramics as a sorbent, catalyst, catalysts support, or a reagent for ethylene oxidation.
Its corresponding use in the form of sepiolite paper is advantageous for the following
reasons:

—paper can be used either for sorption during filtration through a sorbent layer or
with a flow parallel to the paper sheets.

— for filtration through the paper, the diffusion paths are short and the flow resis-
tance is high. For flow parallel to the paper sheets, the diffusion paths are longer and the
flow resistance is negligible. In both cases, the sorption dynamics are better than when
sorbent granules are used;

—for industrial or small-scale applications, paper sheets have some advantages in
regard to equipment construction and exploitation;

—if'sepiolite is used as a catalyst or a catalyst support, paper sheets can be applied
as either membrane catalysts or ordinary catalysts;
— sepiolite paper is also easy and inexpensive to produce in any quantity;

— because paper is produced at a temperature of 105 °C, the sepiolite structure is
not affected. Also, paper based on organic or mineral fibers can be produced, thus the
sorption or catalytic elements can be used over a broad temperature range;

—finally, sepiolite paper can be used to produce corrugated paper board, Ishida et
al.,19 or honeycomb structures, which are advantageous for many applications.
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The purpose of this paper is to present the results of an investigation of the sorp-
tion characteristics of sepiolite paper made from sepiolite from the magnesite and
sepiolite mine, Goles - southern Serbia. NO,, NH3 and H>O were used as adsorptives
and temperature swing adsorption (TSA) cycles were used for sorption and paper re-
generation. XRD analysis and IR spectrometry were employed to determine if struc-
tural OH groups at the sepiolite surface are excited by sorption of nitric oxides and am-
monia, as well as other functional groups bonded to the sepiolite crystal lattice. Also,
both techniques can be used to determine whether irreversible loss of crystallinity oc-
curs during regeneration of the sepiolite paper. These data on sorption and desorption of
NO, and NH3, on possible structural changes of the sepiolite, and on the conditions for
the TSA cycles are useful for the design of filters for gas purification.

EXPERIMENTAL

Preparation of sepiolite paper sheets
Several grades of sepiolite paper were prepared in the laboratory and tested:

The papers were prepared: (1) with bleached conifer cellulose pulp (30 % to 80 % sepiolite);
(2) with borosilicate glass fibers (30 % to 60 % sepiolite, 5 % sodium silicate), and (3) on borosilicate
glass paper with a thin layer of pure sepiolite. In the preparation of the first two types of paper, sepio-
lite pink from a trace of Fe oxides was used, whereas the third paper was prepared with white sepiolite
(as is used for thin-layer chromatography where the color is important).Papers with 60 % sepiolite
were used for most experiments. The pink sepiolite has the following chemical constitution (wt. %):
38.56 Si0,, 3.42 Ca0, 27.57 Mg0, 0.04 Fe,03, 0.07 NiO, 0.29 Na,O, and 28.61 loss on ignition. The
sepiolite was ground to an average particle size of 5.8 [in (particles from 2.1 [im to 17 [im), mixed
with pulped cellulose fibers in deionized water (suspension with 1 % dry matter), and circular paper
sheets were made on a laboratory paper-making set. The paper disks were dried at 105 °C. To increase
the surface area, some disks were corrugated before drying. Detailed preparation procedures have
been presented by Mitrovié et al..!! Each disk was 25000.5 mm with a weight of 250 g/m2. Results of
scanning electron microscopy (SEM) of sepiolite paper, obtained using a JEOL 4-JSM-840a instru-
ment, are presented in Fig. 1.

Fig. 1. SEM of the sepiolite — cellulose paper Fig. 2. SEM of crystallized NH4NOs3 in the
(60 % : 40 %). sepiolite paper.
Determination of the sorption equilibrium characteristics
Cellulose-based sepiolite paper disks 60 mm in diameter were activated by heating at 160 °C
for two hours. In the initial experiments, NO,, CO,, NH3, HCI, and H,O were adsorbed at room tem-

perature (22[2 °C) by placing paper disks over aqueous solutions of each gas for 24 h. The adsorbed
quantities were measured gravimetrically.
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As the equilibrium quantity of sorbed NO,. was much greater than for the other investigated
gases, additional experiments were performed with NO, and H,O only. Ammonia was used to neu-
tralize NO, by subsequent sorption of NH3 on paper saturated with NOy. These sorption experiments
were performed in the same way as described above. The ammonium nitrate formed at the surface of
the paper was either desorbed by heating to 160 °C or leached with distilled water. Sorption experi-
ments were repeated thirty times on each disk. The disks were activated at 160 °C for two hours after
each adsorption desorption cycle.

Determination of non-equilibrium-sorption characteristics

The same kind of sepiolite-cellulose paper disks and experimental techniques as described
above were applied to measure the influence of temperature on the sorption of NO, and H,O (temper-
atures of 30—80 °C and sorption steps of 30 min). Desorption was performed at 160 °C.

The potential of sepiolite paper or paper structures to remove NO, from industrial waste gases
by the use of TSA requires good regeneration efficiency, and high mechanical stability after many ad-
sorption desorption cycles. At a specified adsorption temperature (80 °C, the temperature of waste
gases from the nitric fertilizer factory in Pancevo, Serbia, was used) and a desorption temperature of
160 °C, the regeneration efficiency is expressed as the ratio of sorbed quantities: S,,/S; where i=1-n
is the number of sorption cycles, and the stability is the ratio of corresponding tensile strengths:
F,/Fy. Fyp and F,, are the initial tensile strength and the tensile strength after n cycles, respectively.

To measure the regeneration efficiency and the mechanical stability of the sepiolite-cellulose
paper, cycling adsorption and desorption of NO, and H,O in the temperature interval of 80 — 160 °C
was repeated thirty times.

To ensure that only the sepiolite is the effective adsorbent for NO, and not the basic, cellulose

fibers, a series of parallel experiments with adsorptions and desorptions of NO, and H,O were per-
formed using paper disks based on glass fibers (60 % sepiolite).

IR spectrometry and X-ray diffraction (XRD) analysis

Disks 60 mm in diameter and composed of 60 % sepiolite and 40 % cellulose fibers were
placed in sealed glass vessels in atmospheres of water vapor over water or vapor over 90 % aqueous
nitric acid or 25 % aqueous ammonia solution for 24 h at room temperature. Then, the disks were ex-
posed for 24 h to open air. Subsequently, IR spectra were recorded with a Specord 75 IR spectrometer
(Carl Zeiss, Jena) in the range 0of 4000 cm™! to 400 cm™! using the KBr pellet technique. To discern the
effects of regeneration, one sample with adsorbed NO,. was heated for two hours at 180 °C and an-
other sample at 160 °C before recording the IR spectra.

To determine how NO, sorption changes the crystallinity of sepiolite, untreated sepiolite pa-
per, paper after activation at 160 °C, and paper regenerated at 160 °C after several NO, sorption—
desorption cycles were examined by XRD.

The XRD data were obtained using a Philips PV Automated Powder Diffractometer system
with a TTK Temperature Attachment Unit (Anton Paar K.G.) on a Philips PW Vertical Goniometer
(820, CuK[O radiation, 35 kV, 50 mA, scanning rate of 1.5 °2[Jmin).

RESULTS AND DISCUSSION

The experiments showed that paper based on either cellulose of borosilicate glass
fibers is easy to produce with 60 % ground sepiolite, and that such paper has a satisfactory
structure and sepiolite fiber distribution, thickness (0.5 mm), and tensile strength (4.5
N/15 mm). Such paper may be produced on standard continuous paper machines.

The initial set of equilibrium sorption experiments (Table I) indicated that sepio-
lite paper at room temperature is not an outstanding sorbent for any of the used vapours
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(sorbence of [16 % on average) other than NO,, where the average sorbed quantity was

32.7 %.

TABLE 1. Sorption equilibrium characterstics for humid gases

Sorbate % Sorbed Desorption (temperature) °C
NO, 327 160
H,O 6.0 100
CO, 5.8 70
NH; 5.8 70
HCI 6.7 64

Sorption equilibriums of NO, + H»O after 8 cycles for the same sorbent were
higher (3.8[b %), with a desorption temperature of 160 °C.

Samples with adsorbed NO, were neutralized with vapor phase NH3. The pro-
duced NH4NOj3 remains in the structure of the paper and crystallizes inside it if the sam-
ples are left in sealed vessels (Fig. 2).

The quantities of NH4NO3 desorbed by heating at 160 °C in 8 cycles, are 3507/, or
by leaching at 22[2 °C in 8 cycles are 275 %. Four possibilities of utilizing sepiolite
paper with sorbed ammonium nitrate were considered:

1. Direct consumption of ground paper as a low grade fertilizer.

2. Leaching the NH4NO3 and drying and activating the paper (dry NH4NOz is a
high-grade fertilizer).

3. Repulping the paper, leaching ammonium nitrate, and producing new paper
from the pulp.

4. Catalytic destructive desorption of NH4NOs3 by heating the paper at 160 °C.

Chemical analysis confirmed that only NH4NO3 was leached by distilled water.
Thermal desorption probably proceeds by catalytic destruction with sepiolite as the cat-
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alyst: 2 NH4NO3 [J 2N, +4H,0 + O where O; reacts with the cellulose in the paper.
This may explain the higher values obtained by thermal desorption.

The non-equilibrium measurements of the sorption capacity vs. temperature of
the paper based on cellulose fibers (sorption steps of 30 min) are presented in Table II
for NO, and water vapor.

TABLE II. Sorption quantities as a function of the sorption temperature (desorption at 160 °C)

Sorbate ~ Temperature/°C Sorp. - Desorp. Average/%  Number of measurements

NO, 30 Sorp. 10.100.9 3
Desorp. 10.10D0.6 3

40 Sorp. 13[2 3

Desorp. 14001 3

50 Sorp. 162 3

Desorp. 16.3[0.9 3

60 Sorp. 16.3[D0.5 3

Desorp. 16.3[0.5 3

70 Sorp. 17.0C2.0 3

Desorp. 17.0[D0.3 3

80 Sorp. 18011 4

Desorp. 18011 4

H,0 30 Sorp. 6.2[0.2 3
Desorp. 6.200.2 3

40 Sorp. 5.5[0.4 3

Desorp. 5.50.4 3

50 Sorp. 6.2(D0.2 3

Desorp. 6.200.1 3

60 Sorp. 5.300.2 3

Desorp. 5.300.2 3

70 Sorp. 4.6[0.0 3

Desorp. 4.6[0.1 3

80 Sorp. 4.400.1 4

Desorp. 4.500.1 4

The sorption capacity of the sepiolite paper for NO, increases with temperature
(Fig. 3).

These results and the logarithmic dependence of the sorbed NO,. on temperature
suggest a chemisorption mechanism for NO, sorption.

The linear decrease of the sorption capacity for water on sepiolite (Fig. 4) con-
firms the results of other research on the physical adsorption of water on sepiolite.
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Cycling TSA experiments between 80 °C and 160 ° C under non-equilibrium con-
ditions are presented in Table II1.

TABLE III. Cyclic sorption-desorption quantities, for the mixture water vapor-NO, (repeated cycles
with the same sepiolite paper)

Sorbate Number of measurements T/ °C max. % min. %  Aver. %
NO, 30 Sorp. 80 25.0 10.2 132
Desorp. 160 244 9.7 13[2
H,0 30 Sorp. 80 6.1 35 5.2[0.5
Desorp. 160 6.1 3.6 5.2[0.5
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Fig. 5. Desorbed quantities of NO, as func-
tion of the number of sorption-desorption
cycles.
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The results show that the adsorbed and desorbed quantities of NO, decrease after
several cycles to a near constant value of approximately 12 % (Fig. 5).

The regeneration efficiency for NO, is: S3¢/S7 = 0.55 and S3¢/Sg Ul which indi-
cates that sepiolite paper may be useful as a high-capacity sorbent for a few cycles, or as
a somewhat lower-capacity sorbent for a greater number of cycles. The chemisorption
mechanism (Fig. 3) and the decrease in sorption capacity after several cycles is ex-
plained by partial irreversible binding of NO, to sepiolite while the remaining NOy, is
reversibly adsorbed. This was also confirmed by IR-analysis.

The sorption capacity of sepiolite paper for water slowly decreases: S30/S1 =
0.84.

As water adsorption on sepiolite is completely reversible between 80 °C and 160 °C,
this decrease is attributed to the deterioration of the cellulose during desorption at 160 °C.

Measurements of the tensile strength of sepiolite paper strips show that the paper
is partially damaged during 30 TSA cycles with NO,. because: F3¢/Fy = 0.47.

Also, the paper samples are discolored after 30 cycles, showing partial carboniza-
tion of the cellulose fibers. However, the integrity of the paper is sufficient for handling.

The measurements presented in Table IV show that approximately the same
amount of NO, is adsorbed on sepiolite paper based on borosilicate glass fibers as on
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paper based on cellulose fibers: Say(1-3) = 17L2 % (160 °C/80 °C). However, smaller
quantities of water vapor are adsorbed and desorbed than on cellulose-based paper un-
der the same conditions: Syy(1-3) = 3.6 0.2 % (160 °C/80°C). These measurements
show that only the sepiolite in a paper adsorbs NO,, whereas a portion of H,O is ad-
sorbed on the cellulose in papers with cellulose fibers.

TABLE IV. Sorbed and desorbed quantities at a sepiolite-glass paper

Sorbate Number of measurements 7/°C % Sorption
NO, 3 Sorp. 80 1702
3 Desorp. 160 17(2
H,O 3 Sorp. 80 3.600.1
3 Desorp. 160 3.600.2

After three NO,. TSA cycles, the glass fiber-based sepiolite paper appears un-
changed. It is to be expected that even after a very large number of TSA cycles the me-
chanical strength of the paper will not have changed.

The IR spectra of a cellulose-based sepiolite paper with adsorbed water and NO,
after regeneration at 180 °C and after regeneration at 160 °C, and after it is allowed to
reach equilibrium with adsorbed water in a laboratory environment are presented in
Fig. 6. Fig. 6a presents the spectrum of the sepiolite paper submitted to water vapor.

The Si-O-Mg band is at 440 cm 1, the Si~O-Si group is at 470 cm !, and the vi-
brations of MgzOH are at 655 cm!. The vibrations at 750 cm~! and 880 cm™! are from
CO32- since sepiolite contains some MgCOj3 (confirmed by recording the IR spectrum
of MgCO3). The vibrations of the Si—O bonding bands appear at 980 cm~! and 1080
cm!, and the Si—O-Si vibrations are present at 1020 cm™!.

Shoulders from the Si~O group appear at 1200 cm!, a shoulder from CO32- at
1450 cm! and vibrations from bonded water occur at 1620 cm!, vibrations from
zeolitic water at 1660 cm™!, and vibrations from CO32~at 2880 cm~!. There is a broad
extended band at 3400 cm™! (zeolitic water) with a smaller band at 3550 cm™!, (bonded
water), which suggests that the surface of the sepiolite fibers is covered by a compact
layer of zeolitic and adsorbed water. For this reason, vibrations of Si-OH and Mgz;OH
at 3600 cm! to 3700 cm! are not visible.

The IR spectrum of sepiolite paper on which NO; is sorbed is presented in Fig.
6b. Compared to Fig. 6a, it is clear that the lattice vibrations between 400 cm™! and 500
cm! are very weak; MgzOH group vibrations at 655 cm™! are not visible, and carbon-
ate bands are absent. The lattice band from the Si—O group at 1060 cm™! is evident, and
the bands from zeolitic water at 1630 cm! and from zeolitic and bonded water at 3550
cm! are strong. Also, new bands appeared, one at 600 cm!, and at 830 cm™!, and a
very strong band at 1380 cm™L.

The IR spectrum of sepiolite paper after both regeneration at 180 °C and NO;
sorption is presented in Fig. 6¢. Compared to Fig. 6b, the bands attributable to zeolitic
water are much weaker (1630 cm! and 3350 cm1), as is the band at 1380 cm!. The
shoulder attributable to CO32~ appears at 1340 cm™!, the lattice vibrations at 1060 cm™!
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Fig. 6. a) IR spectrum of sepiolite paper submitted to water vapor; b) IR spectrum of sepiolite paper

with NO, sorbed; ¢) IR spectrum of sepiolite paper regenerated at 180 °C; d) IR spectrum of sepio-
lite paper regenerated at 160 °C; and kept in air for about 100 days.
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are the same, and a band at 1220 cm™! is visible. Vibrations at 600 cm~! and 830 cm!
are much weaker.

Sepiolite paper regenerated from NO; sorption at 160 °C and then kept in labora-
tory air for 1100 days showed the IR spectrum presented in Fig. 6d. Bands attributable
to zeolitic and bonded water are visible, as are carbonate bands at 2880 cm™!, 1447
em !, 880 cm! and 760 cmi1, lattice vibrations between 400 cm~! and 500 cm! are
clear, as are vibrations at 655 cm! and the band at 1380 cm ! remained, although much
weaker than the corresponding band in Fig. 6b.

The IR results indicate that a portion of the nitric oxides bonds to the sepiolite lattice
by removing OH groups of the constitutive water and occupying its place (vibrations at 655
cm ! attributable to MgzOH are probably covered by a new peak). This produces new
bands at 1380 cm™! and 600 cm !, which probably result from NO, bonded to the oxygen
of the Mg-O-Si group (450 cm1). This bond is not strong, since NO, was desorbed as a re-
sult of heating and the resulting IR intensity decreased. The strongest bonds with NO, are
within the sepiolite structure, where some OH groups of constitutive water are exchanged
by the NO,, since the band at 1380 cm ! remains after heating the paper or by placing it in
air for a long period of time. This fact can explain the decrease in the quantity of NO, sorbed
on the paper, which has a constant value of about 12 % after several sorption-desorption cy-
cles. A portion of the sorbed NO,, is strongly bonded to the sepiolite crystal lattice (a little
weaker at the edges of sepiolite cells, where, also, constitutive OH groups are bonded to Mg
ions), and, therefore, only a portion of the nitric oxide bonded to the zeolitic water inside the
sepiolite channels are sorbed and desorbed.

Fig. 6d also shows that sorbed nitric oxides do not destroy the CO32~ group, since
the band appears after the water and NO, are desorbed.

The IR-spectrum of paper placed in an ammonia atmosphere and released in air is
shown in Fig. 7. There are no great differences between this spectrum and the spectrum
presented in Fig. 6a, although the vibrations of bonded water are weaker (at 1620 cm!
and 3550 cm™!). These results, and the fact that only 5 % of NH3 is sorbed, indicate that
ammonia is adsorbed by zeolitic water.

wi Ry

Fig. 7. IR spectrum of paper with sorbed ammonia.
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The X-ray diffractograms of paper before NO, sorption and of the same paper af-
ter NO,; sorption and desorption by heating at 160 °C are shown in Fig. 8a and b, respec-
tively. The letters S and Mg denote sepiolite and magnesite, respectively. Also present
are two nonidentified peaks (Fig. 8a). One of these peaks does not occur in Fig. 8b and
can possibly be ascribed to the cellulose in the paper.
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Fig. 8. a) X-Ray diffractogram of paper

+ before NO, sorption; b) X-Ray diffra-
ctogram of paper after NO, sorption
and after regeneration at 160 °C.
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CONCLUSIONS

— Sepiolite is an excellent material for the production of sorbent, or catalytic pa-
pers with either cellulose or glass fibers due to its fibrous structure, affinity for basic fi-
bers, and the properties of sepiolite as a sorbent, a carrier of catalysts, or a catalyst.

— Sorbents in the form of paper have many advantages over powders and gran-
ules, such as the accessibility of the surface, pressure losses, and regeneration ability, as
well as in production processes and in the construction of adsorption units.

— Sepiolite paper shows good characteristics for the sorption of NO, and
chemisorption of NH3 when NO, is already sorbed.

—TSA cycles between 80 °C and 160 °C and with 30 regenerations show that the
capacity of a paper for NO,, decreases after several cycles, but remains constant after
that (about 12 % adsorbed and desorbed). Paper based on cellulose fibers is not seri-
ously damaged, and it can be expected that paper based on borosilicate glass fibers will
not be damaged at all.

— NH4NO3 was removed from the paper by leaching or destroyed by heating.

— Infrared spectrometry shows that the structure of sepiolite is not destroyed by
the sorption of NO, and regeneration of the paper, but a portion of the NO, is irrevers-
ibly bonded to the sepiolite.
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U3BOJ
COPITHMOHE KAPAKTEPUCTUKE XAPTUIE ITPOU3BEJEHE O] CEITMOJIMTA

MUWPOCIABA OJYUMHOBUR', MUIIAH MUTPOBUR", MUJbEHKO MAPTU'R", BEPA BYUEJIUR ' 1
[IYLWIAH BYYEIIWR |

*I/Incmulﬂym 3a otiwinty u pusuuky xemujy, Citiyoentticku iwipz 12, i. ip. 551, 11001 Beozpao, Jyzocaasuja u
*@axyaiuieiti 3a pusuuxy xemujy, Ynueepauitieiti y Beozpady, Citiydeniticku wipz 16, ii. iip. 138, 11001 Beozpad

JIabapaTopujcku Ipon3BefieHa XapTHja off cenronnTa u3 pygauka Lonem (Cpouja) je
UCMUTHBAHA 1a ce OfipeNie pajyu ofpehuBama BEHUX COPIIIMOHAX KapaKTepUCTUKA 33 a30-
TOBE OKCH/I€, BOJICHY IIapy ¥ aMOHUjaK. XapTuja je afcopOoBaia BUCOKE MPOLEHTE a30TOBUX
OKcHJia, a aMOHHM]aK je CTeXUOMETPH]jCKH XeMIcopOoBaH Ha XxapTuju 3acuheHoj ca NO2 u H20.
MudpaupBeHa cIeKTPOCKONHja je moKa3aja a COpIIyja a30TOBUX OKCUJia  aMOHHjaKa He
pa3apa KpHUCTaJHy peUIeTKYy cemmoiuTa, mTo je morBpheno XRD-ananuzom. Copnimmja
a30TOBUX OKCHJIa 1 aMOHHjaKa Ce OIUTPaBa y 3¢0JIUTCKO]j BOAY YHYTap CTPYKTYPHUX KaHaJa
cenmonuTa. AficoOpmiyja ca Bapujanujama nputucka (PSA) wnu remnepatype (TSA) Moxke ce
TMIPUMEHNTH Ha [ECOPIIINjy a30TOBUX OKCH/Ia BEJIMKHU Opoj myTa. AMOHHjYM-HUTPUT HACTAO
cykuecuBHOM apicopruuoM NO2 1 NH3 ce MOKe U3 XapTHje YKIOHUTH JTYKESHEM, IPU YeMy ce
XapTuja penynnupa, Wiu TepMUYKOM pasrpafgmoM. Takobe oBa xapTuja MoxKe Jla ce KOPUCTH
Kao BemTavyko hyopuso.

(ITpumibeno 10. janyapa 2001)
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