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The studeid of physico-chemical properties of natural zeolite of Nakhchivan. On the basis of
the data IR-spectroscopic, X-ray diffraction, elemental and derivatographic methods analysis it was
found which group of zeolites include natural sample, its composition, the thermal stability, impact
ion exchange on the thermal stability, the region of dehydration. The structure of zeolites defines an
interior volume, that becomes available after dehydration. The dehydrated zeolite is a crystalline
body, riddled with micropores. In the dehydrated state zeolites exhibit its maximum adsorption, mo-
lecular sieve and catalytic properties. The ion exchange capacity of zeolites - one of the main pa-
rameters that characterize their sorption and technological properties. lon exchange on zeolites is

possible to isolate ions, removing another method which is often of great complexity.

Keywords: mordenite, zeolite, a natural minerale, X-ray diffraction analysis, IR-spectrum,

thermal stability, ion exchange, dehydration field

Knowledge of physical and chemical pro-
perties of natural zeolites it allows pre-set area
of their application.

The zeolite sample was taken from the field
Goydzheler, where its content is in the range 75 -
80%. From the comparison data diffractometry
and chemical analysis with the published infor-
mation on the structures of aluminosilicates-zeoli-
tes [1-3], we can conclude that the investigated by
us belong to the natural zeolite to the class of zeo-
lites mordenite.

We investigated a sample of natural zeo-
lite Nakhchivan is characterized by the follow-
ing chemical composition:SiO; - 65,70%,
Al20;3 - 15,89%, Fe203 - 1,30%, CaO — 5,08%,
MgO - 0,50%, TiO2 — 0,05%, MnO — 0,07%,
K20 — 3,8%, Na,O — 1,1%, P>0s — 0,08%,
H.0 — 7,5%; X 101,07.

The empirical formula of the mineral (ac-
cording to the chemical composition)in the form:

CazNazK2gAls g Sizg 2 Ogs - 34H20

It was calculated silicate module-SiO2/Al>Os3
the natural sample. According to calculations, it fo-
und that silicate module of natural zeolite Nakhchi-
van is 7, which is in good agreement with literature
data silicate module of natural mordenite [4, 5].
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To determine the degree of crystallinity
of the natural sample is measured intensity of
light flux which is proportional to the maxi-
mum value of transmittance the sample of zeo-
lite in the 400-1200 cm, measured intensity of
the radiation is proportional to the minimum
value of the transmittance of sample absorption
bands of 776.24 cm™ and determine the value
of the optical density D;.

The goal is achieved by additional meas-
uring the intensity of flux proportional to the
maximum value of transmittance of the sample
in the 463.23 cm™* and 1058.13 cm™, measured
intensity of flux is proportional to the minimum
value of transmittance of sample in the 797.53
cm™ and determine magnitude optical densities
D: and D relative values of intensities of flux-
es are proportional to the maximum and mini-
mum transmittance.

According to the calculations of Nakhchivan
zeolite it has high crystallinity, which varies be-
tween 85 - 93%.

Nakhchivan mordenite was investigated by
X-ray diffraction (Fig. 1, Table 1), IR-spectrosco-
py (Fig. 2), thermogravimetric (Fig. 3) and ele-
mental (Table 2) methods analysis.
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Fig. 1.The diffractogram of the sample of natural zeolite
Table 1
The results of X-ray diffraction carried out
The name of
thesubstance Formula I/lc DB S-Q
Mordenite (K2sNaxCayz) 0,900 78,5 %
(Alg,gSizg,2 Ogs): (H20)34
Quartz SiO2 3,410 19,5 %
Anorthite Cao gsNag 14Al1.94Si2,060s 01 3,670 2,00 %
The unit cell | Density,
Crystal system Space group a b c Z volume, A3 glem’
Orthorhombic Cmc21 (36) 18,094 | 20,516 | 7,524 | 1 2793,03 2,213
Hexagonal P3221 (154) 4,91344 5,405 113,01 2,660
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Fig. 2. IR-spectrum of the sample of natural zeolite

When compared the X-ray experimental
data with published information, it determined
that the sample under investigation is high sili-
ca zeolite - mordenite. Highs interference of
phase characteristic of mordenite correspond to
the bragg angle 20 = 6,5; 9.8; 13.5; 14; 19.5;
22; 25.5; 26; 27; 28, etc.

Identification of phases in the sample
confirmed, that the composition of the sample
included 78.5% mordenite phase, 19.5% quartz
and 2.00% anorthite phase.

Anorthite refers to a group of minerals
feldspar (plagioclase). In terms of composition
refers to aluminosilicates frame structure.

The relative intensity and the interatomic
distances obtained experimentally correspond
to the literature data (within experimental er-
ror), indicating, that the main phase of the sam-
ple is mordenite. The values of the interatomic
distances (d) and the diffraction line intensities
(), equal to d = 3,34A (100), 2,45A (30),
2,28A (201) and 2,12 A (20), suggest that in the
composition of the sample is present of silicon
dioxide, i.e. a-quartz. According diffractogram
in the composition of the sample is also present
of anorthite in small amounts.

According to the X-ray data of the natural
sample crystallizes in orthorhombic crystal sys-
tem with unit cell parameters a = 18,094 A; b=
20,516 A; c=17,524 A.

IR-spectrum of Nakhchivan zeolite is gi-
ven in Figure 2.
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The absorption bands in the frequency ran-
ge 250-1400 cm™ correspond to the major fluc-
tuations in silico tetrahedral framework structure
of zeolites.

Flaningen [6] investigated the absorption
bands of various zeolite structure. The observed
absorption bands are allocated to two types of
vibrations:

1 —fluctuations, characterizing the prima-
ry structural units - TOs, where T - cations Si*",
A13+;

2 - fluctuations TOs-tetrahedra on foreign
relations.

Fluctuations in the first group is not sen-
sitive to changes in the framework structure.
The second type of fluctuations it depends on
the nature of the articulation tetrahedral in sec-
ondary structural units and the features of the
cavities of zeolites [7].

The first type are anti-symmetric, sym-
metrical and deformation fluctuation of T - O
bonds in the region 1250-950, 720-650, 500-
420 cm™.

The second type are anti-symmetric, sym-
metric fluctuations of external relations and the
fluctuations of double chains in the region
1150-1050, 820-750, 650-500 cm'™.,

The most intense absorption band obser-
ved at 1058.13 cm™ and responds the fluctua-
tions of bonds Si - O - Si.

Zeolites have an absorption band in the
550-560 cm™ related to fluctuations tetrahedra
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on foreign affairs [SiOs] and [AlO4] frame, due
to the presence of dual four-, five- and six-mem-
bered rings and defining a zeolite structure. The
absorption band of 797.53 cm™ related to the
stretching vibrations of the Al - O, and 463.23
cm?® - with deformation vibrations of Al - Oa.

With the presence of the zeolite bound
water absorption bands in the range 3100-3700
cm™, 1638.55 cm™— band of deformation vibra-
tions of water molecules. Increasing the intensi-
ty of these fluctuations indicates higher content
of zeolite in the rock. Absorption band in the
range 2100 - 2500 cm™ due to the presence of
calcium and sodium carbonates.

The absence of the absorption band of
960 cm?, it shows the high crystallinity and the
adsence in the composition of the zeolite of
amorphous phase.

The absence of the absorption band of
3720-3740 cm™ corresponding to the amor-
phous SiO», also indicates a high crystallinity
and phase purity ofthe samples.

It will be appreciated that the exact fre-
quency, where absorbs a particular group de-
pends on the environment of this group and its
physical condition.

The method of thermographic analysis is

set of region dehydration, water content and ther-
mal stability of the natural zeolite. Curves DTA
(differential thermal analysis) and TG (thermal
gravimetric analysis) are shown in Figure 3.

The DTA curve of natural zeolite is charac-
terized by two endothermic and one exothermic
effects. Dehydration mordenite occurs in two stag-
es and in a wide temperature range of 120 - 650°C.
At all these stages the loss in weight is 11.14%.
The first endothermic effect, characterized by a
maximum 185°C corresponds to the care of the
water molecules in the cavities are structures. The
second endothermic effect corresponds to the care
of crystal water from the structure. Complete de-
hydration of the sample of natural zeolite ends at a
temperature of 615°C.

As shown by X-ray diffraction analysis of
the natural zeolite structure is stable up to 960°C
temperature, i.e. zeolite Nakhchivan is stable at
high temperatures. When the temperature rises
above 960°C, as shown by X-ray diffraction analy-
sis of the natural zeolite structure is destroyed and
the diffraction pattern a represent intensity of anor-
thite and quartz.

The elemental composition of the sample
of natural zeolite is presented in Table 2.

T

Fig. 3. DTA and TG curve of Nakhchivan zeolite
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Table 2

The percentage of oxides and elements in the natural zeolite

Element | Weight % | Atomic % Am_ount of Formula
oxides %

Na 0,42 0,37 0,56 Na,O

Mg 0,38 0,32 0,63 MgO
Al 4,49 3,38 8,48 Al;O3
Si 40,53 29,33 86,71 SiO;
K 0,75 0,39 0,90 K20
Ca 1,14 0,58 1,59 CaO
Fe 0,87 0,32 1,12 FeO
o 51,42 65,32

Result 100,00

lon exchange of the original cations - so-
dium, potassiumand calcium performed cations
of magnesium, strontium, cadmium, zinc and
nickel. 1t was found that the values of the de-
grees of exchange cations K* (ax), contained in
the original zeoliteon cations Mg, Ni, Co, Zn,
Cd is considerably lower than the values of the
degree of exchange of the cations Na* (ana) at
the same cations. It has been found that the nat-
ural zeolite and its cation-exchanged forms are
characterized by its interplanar spacings almost
identical, but differ from each other by the rela-
tive intensities of the diffraction lines. This in-
dicates that the cationic part of substituted natu-
ral zeolite and its cation-exchanged forms is
different, which greatly affects the intensity is
the diffraction lines (Fig. 3). It is known, that
changes in the relative intensities of the diffrac-
tion lines (I/lo) is directly related to the nature
of (the ionic radius, the ion charge, the atomic
scattering factor - number) cations [8-10].

lon exchange influences the thermal sta-
bility of zeolites. As seen in Figure 3, the initial
sample dehydration occurs in the temperature
range 150-650°C. The structure maintained un-
til 960°C. After ion exchange dehydration oc-
curs in the temperature range 180-600°Cand
structure remains of 1000°C.

Conclusion
From the above it can be concluded that
the natural sample Nakhchivan relates to high-

silica zeolites — mordenite. Besides by mor-
denite apart composed of natural sample pre-
sent quartz and mineral — anorthite. Nakhchivan
zeolites is resistant to high temperatures
(960°C), after dehydration of the sample struc-
ture is preserved. lon exchange has a positive
effect on the thermal stability of the zeolite, i.e.
the temperature stability is increased (1000°C),
complete dehydration occurs at a lower temper-
ature.
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TOBIi NAXCIVAN SEOLITININ FiZiKi-KiMY9Vi TOoDQIiQi
G.A.Mammadova, N.A.Mammoadova

Maqalada tobii Naxgivan seolitinin fiziki-kimyavi xassolori dyronilmisdir. iQ-spektroskopiya, rentgen difraksiya,
element vo derivatoqrafik analiz metodlarinin asasinda miioyyon olunmusdur ki, Naxg¢ivan seoliti mordenit qrupuna
aiddir. Niimunonin torkibindo zorarli komponentlor miisahido olunmur. Mordenitdon alava tobii niimunonin torkibindo
kvars va anortit mdvcuddur. Tabii seolit yiiksok temperatura davamlidir (960°C). Dehidratlasma genis temperatur inter-
valinda (120-650°C) bas verir. Seolitlorin ion-miibadilo tutumu onlarin sorbsiya va texnoloji xassolorini xarakterizo
edon asas parametrlordon biridir. Miioyyon olunmusdur ki, ion-miibadilodon sonra Naxg¢ivan seolitinin termiki davam-
lilig1 1000°C-ya qoder artir.

Acar sozlar: mordenit, seolit, tobii mineral, rentgenfaza analizi, fQ-spektr, termiki davamliliq, ion-miibadila,
dehidratlasma sahasi

OUBNKO-XUMHUYECKUE NCCJIEJIOBAHUS ITPUPOJHOI'O HEOJINTA HAXUBIBAHA
I'.A.MamenoBa, H.A.MamenoBa

B crarpe u3yueHs! (HU3NKO-XUMHUYECKHE CBOHCTBAa MpupoaHOro rneosnnta HaxdupiBana. Ha ocHOBaHMH JaHHBIX
HK-crnekTpocKonny, peHTreHOBCKON IU(PaKIMH, SJIEMEHTHOTO U AEPUBATOrpa)uecKOro METOAOB aHAIN3a YCTaHOBIIE-
HO, YTO 11e0auT HaxdbiBaHa OTHOCHTCS K MOPJICHUTOBOMW rpymme.B coctaBe oOpasiia HET BpeqHBIX KOMIIOHEHTOB. [Tomu-
MO MOPJICHHTA B COCTaB NPHUPOAHOTO 00pasiia BXOAWUT KBapll M aHOPTHUT. [IpUpOIHBIA [EOIUT YCTOHYMB K BBHICOKHUM
temnepatypam (960°C). Jleruaparanus OpOUCXOAUT B IIMPOKOM TeMIepaTypHoM unTepsaie 120 - 650°C. MoHoo6-
MEHHasi €eMKOCTh LIEOJIMTOB — OJUH W3 OCHOBHBIX IAPaMETPOB, XapaKTePHU3YIOIUX MX COPOLMOHHBIE U TEXHOJOIrH4Ye-
CKHE CBOWCTBA. Y CTaHOBIICHO, YTO MOCJIE HOHHOTO 0OMEHA TepMUYecKasl yCTOWYMBOCTh leoiuTa Hax4ybiBana yBenniu-
Baetcs 10 1000°C.

Knrouesvte cnosa: mopoenum, yeonum, npupooHslli MUHepal, penmeenogaszosviii ananus, UK-cnexkmp, mepmu-
YyecKasl yCmoudugocms, UOHHbIL 0OMeH, obnacmy decudpamayuu
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