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Abstract: Detailed structural characterization of clay minerals contributes to a better understanding of their behav-
ior and physico-chemical properties, making it possible to fully exploit their potential for polymer-clay nanocom-
posite preparation and their future industrial applications. The object of this study was to characterize fine-grained
fractions of four montmorillonite samples and compare them with untreated montmorillonite. The gained results
confirmed that fine montmorillonite fractions would be more appropriate precursors for successive preparing of

composite materials with sorption property enhancement, useable for environmental remediation.
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1 Introduction

Nanoclays are nanoparticles of layered silicates that
can be used in the design and preparation procedure of
polymer/clay nanocomposites (Ray & Okamoto, 2003).
The integration of nanoclays into polymeric matrixes
improves the physico-chemical and mechanical properties
of polymers (Kanmani & Rhim, 2014; Gautam & Komal,
2019; Qinetal.,2021). Among the reasons for wide research
of nanocomposite precursors founded on clay and layered
silicates belong their easy availability as well as the fact that
their intercalation chemistry was investigated for a long
time (Ray & Okamoto, 2003; Pavlidou & Papaspyrides,
2008; Kanmani & Rhim, 2014). Advantages of nanoclays
include high specific surface area, easy processability, good
performance, and lower cost. Nanoclays used as a fillers of
nanocomposites are usually in the form of 2-dimensional
platelets with a thickness of ca. 1 nm and a length of several
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* Purified Na™ fine-grained montmorillonite fractions
before and after chemical activation were characte-
rized in detail.

+ Activated materials exhibited changes of structural
and surface properties. The modification mainly af-
fected meso-macroporous montmorillonite samples.

Highlights

* Prepared activated fine montmorillonite fractions
possess the potentiality to be a suitable material for
preparing polymer-clay nanocomposites with enhan-
ced sorption properties.

micrometers (Ruitz & Van Meerbeek, 2006; Brantseva
et al., 2018). A layered silicate montmorillonite (MMT)
can be designated as one of the most commonly used
nanoagents for preparing nanocomposites (de Azeredo,
2013). Its chemical general formula (without structural
substitutions) is (OH),Si,Al,O, -nH,O (Parekh & Rule,
2002). Generally, montmorillonite can be classified by the
types of interlayer cations in montmorillonite into sodium
and calcium montmorillonite. Calcium montmorillonite
(CaMMT) has two H,0O molecular layers in the interlayer
whereas sodium montmorillonite (NaMMT) contains
typically single layer of water molecules. Important
properties of CaMMT associated with their use include
especially high absorption capacity, bleaching ability and
bonding strength, NaMMT 1is characterized by higher
swelling and viscosity (Tombacz & Szekeres, 2004; Wiess
& Kuzvart, 2005; Murray, 2007; Shah, 2018; Hayakawa
etal., 2019).
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Many industries (engineering, petroleum discovery,
recovery and refining, etc.) use the clay minerals due to
their composition and structure (Wiess & Kuzvart, 2005;
Ruitz & Van Meerbeek, 2006; Murray, 2007). Particle
size, layer charge, swelling capacity, surface area and
surface chemistry belong to the important characteristics
connecting with applications of clay minerals. Modification
of clays has a significant effect on the structural properties
— very often causing an improvement in their sorption
capacities (Sanqin at al., 2014; Kotal & Bhowmick, 2015;
Alves et al., 2017; Tomi¢ et al., 2018; Guo et al., 2020).
This further functionalization of clay minerals is possible
through substituting the exchangeable cations with organic
molecules (Abollino et al., 2003; Hong & Rhim, 2008),
by pillaring (Bergaya et al., 2006) or acid activation
(Komadel & Madejova, 2006). Another possibility may
be a magnetic modification in which the layered silicates
are coated with iron oxides (Mockov¢iakova et al., 2010).
Modified and functionalised nanoclays are widely used for
remediating environmental contaminants (Abollino et al.,
2003; Al-Degs et al., 2006; Guerra et al., 2013; Akpomie
& Dawodu, 2014; Schiitz et al., 2016; Abdellaoui et al.,
2017; Uddin, 2017; Galambos et al., 2012; Galambo§ et
al., 2013), they show promise as advanced sorbents or
biodegradation enhancers (Biswas et al., 2019).

Clay minerals are also used as a catalysts, their
activity has been demonstrated in a number of reactions.
Last but not least, application of montmorillonite clays
as green catalysts plays role in developing eco-friendly
chemical processes (Kaur & Kishore, 2012). The catalytic
properties of natural clays are enhanced by acid activation,
which causes an increase in nitrogen surface area and
adsorptive capacity of activated materials. The activation
process can sometimes lead to the destruction of clay
mineral structure as it removes Fe, Al and Mg cations
from the octahedral layer. Generally, the clay minerals
having a high octahedral magnesium or iron content leach
more easily than such materials with high octahedral
aluminium content. Moreover, the hydrophilic surface of
swelling clay material can become organophilic through
the exchange of inorganic cations (naturally occurring)
with organocations. It caused the extension of the layers
for access the non-polar molecules to the interlamellar
space (Breen & Moronta, 2001).

Thispaperisaimedatdetailed structural characterization
of fine-grained MMT fractions for preparing polymer-
clay nanocomposites. Natural montmorillonite clays
can consist of fine-grained elements of clay minerals
accompanied by crystals of various minerals including
quartz, carbonates, feldspars and also metal oxides (Ruitz
& Van Meerbeek, 2006). This impurities presented in
the natural montmorillonite composition can negatively
influence the adsorption characteristic of the future
synthetized nanomaterials.
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2 Materials and methods
2.1 Materials

The four montmorillonite samples (Tab. 1) used in
this study were: SWy-2, SAz-2, STx-1b (from the Source
Clays Repository, the Clay Minerals Society, USA) and
Kunipia-F (from Kunimine Industries Co. Ltd., Japan).
The SAz-2 and STx-1b samples contain calcium in the
interlayer, the SWy-2 sample shows the presence of both
Na* and Ca?" cations and Kunipia-F belongs to sodium
type clay. Na,CO, was of analytical purity from Merck
Ltd., Germany.

Tab. 1
Overview of used montmorillonite samples.
N o = B2
= G = N 5 &
B 2 g £ 3D
& a = B Ee
SAz2 | Cammt | Atizona, - opal*
USA p
STx-1b CaMMT | Texas, USA opal cristobalite
SWy-2 Ca, Wyoming, mica, |quartz (mica),
y NaMMT USA quartz | carbonate*
Kunipia-F | NaMMT Kunimine Co.,| mica, |quartz (mlCil),
Japan quartz | carbonate

Notes: “Detected by XRD analysis. “Detected by FT-IR spectroscopy
analysis. *The impurity occurs in traces.

The detailed study of these MMT standard samples by
Infrared and Raman spectroscopy were performed by the
authors Ritz and Vaculikova (Ritz et al., 2016; Vaculikova
et al., 2019) in previous study. Some of the necessary
information obtained from these analytical methods can
be found in Tab. 1 and 2.

Tab. 2
Major elemental composition of montmorillonitic clay samples.
Sample Ca0 | Na,0 | SiO, | ALO, | MgO | Fe,0, | K,0 | TiO,
SAz-2 242 (<0.05] 515 148 | 50 | 14 | 02 | 02
STx-1b 1.6 02 | 654|126 | 26| 1.0 | 02| 02
SWy-2 15 14 612|178 | 25| 3.7 | 06 | 0.1
Kunipia-F | 0.4 30 | 585] 190 | 3.0 | 1.8 | 0.1 | 0.2

The SWy-2, SAz-2, STx-1b and Kunipia-F samples
in their natural form were first purified by sedimentation
to eliminate inorganic mineral impurities. Clay fractions
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with particle size below 5 um were collected according to
Stokes law, the sedimentation time was derived from the
selected particle size. To improve the sorption properties of
fine montmorillonites, their monoionic chemical activation
was performed. The fractions of montmorillonite samples
containing calcium in the interlayer were modified by
the saturation with Na,CO,: SWy-2, SAz-2, STx-1b fine
fractions were mixed with 0.5 M aqueous solution of
Na,CO, by shaking for 24 h. After intensive mixing the
mixture was separated by centrifugation. Sedimented
Na-clay mineral fine fractions were rinsed repeatedly
with distilled water. After that the fine clay productions
were dried at 100°C for 24 h. The activated samples were
labeled as NaSAz-2, NaSTx-1b and NaSWy-2.

2.2 Methods characterization

The X-ray powder diffraction (XRD) analysis was
obtained by the X-ray diffractometer Bruker D8 Advance
(40 kV, 40 mA), using CuKa radiation. For interpretation
of the diffraction phases was used the Joint Committee
for Powder Diffraction Data — International Centre for
Diffraction Data (the JCPDS database).

Infrared spectra of montmoril-

(V,...,) and the external surface (S)) were gained by use
of the t-plot method analysis using the Harkins-Jura
standard isotherm. The value of total pore volume (V)
was estimated from the maximum adsorption at relative
pressure close to saturation pressure. The total pore
volume was derived from the nitrogen volume adsorbed at
the relative pressure p/p0 — 1. The pore size distribution
was determined using the BJH (Barrett, Joyner, Halenda)
method from the desorption part of the isotherms.

The overview morphologies of the investigated
samples were acquired by field emission scanning
electron microscope TESCAN MIRA 3 FE SEM with an
accelerating voltage of 20 kV. The sample particles were
examined at magnifications of 5 000x.

3 Results
3.1 X-ray diffraction analysis

The X-ray diffraction analysis (XRD) shows the
changes in a structure of fine-grained MMT fractions

before and after their monoionic chemical activation (Fig.
1, Tab. 3).

lonites were obtained using Fourier
transform infrared (FT-IR) spec- ';' 01\(;[1 M M M - montmorillonite
trometer Nicolet 6700. The con- = o 01};[3 (100) 005) M M
figuration of FT-IR spectrometer et (003) y (110) 300

g P ™ X\ G0 a)
and experimental conditions were 4= st s
as follows: middle infrared (MIR) @ Na-M -
region (4 000-400 cm™): ETC 9 (001) M M (005) M M
EverGlo IR source, KBr beam € (100) (103\‘)¢ (110) (300) b)
splitter and DTGS KBr detector. P y N
For sample preparation was used ) . . . . )
KBr pressed disk technique: ap- 10 20 30 40 50 60 70

proximately 1 mg of sample and
200 mg dried KBr pressed under
pressure into a transparent disc.
For each sample, 64 scans were measured in the abs mode
with a resolution of 4 cm™.

Thermal curves were collected by simultaneous ther-
mogravimetry and differential thermal analysis (TG/DTA)
with thermal device Setsys Evolution 24, Setaram, France.
Measurements were recorded under argon atmosphere
with heating rate 10 °C.min"', final temperature 1 200 °C
and cca 15 mg of sample.

Textural properties of studied montmorillonites were
determined by method of physical adsorption of nitrogen
at =196 °C by NOVA 1 200e Surface Area & Pore Size
Analyzer (Quantachrome Instruments, USA). The samples
were degassed at 100 °C in a vacuum oven under a pressure
lower than 2 Pa for 18 hours. The specific surface (S.)
was calculated from the adsorption isotherms following
the BET (Brunauer, Emmett, Teller) method in the range
of relative pressure 0.05-0.2. The volume of micropores
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Fig. 1. XRD diffraction patterns of montmorillonite samples: a) CaMMT; b) NaMMT.

The basal reflections 001 in original samples with the
interlayer space values (d) vary from 12.43 A to 15.24 A.
It is caused by presence of exchangeable inorganic cations
in the interlayer space of the samples. The SAz-2 sample
shows the most intensive basal reflection 001 with the
higher interlayer space value 15.24 A which confirmes
the presence of Ca?" in the interlayer space (Iwasaki &
Watanabe, 1988). The basal reflection 001 in sample
STx-1b with the interlayer space of d(001) = 14.63 A is
characteristic for the presence of Ca’ in the interlayer
(Onal et al., 2007). The diffractogram of SWy-2 shows
that the basal reflection with interlayer space of d(001)
= 13.55 A was reduced in comparison to the Kunipia-F.
This change is probably due to the presence both Na" and
Ca* in the interlayer space. The Kunipia-F is the sample
with the interlayer space value of d(001) = 12.43 A, which



Tab. 3

Interlayer space values of original and activated fine
montmorillonite fractions.
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is typical for the occupation of the interlayer space by
calcium cations (Onal et al., 2007). The effect of chemical
activation can be observed by comparison of MMT basal

. reflections 001. The shift of d(001) MMT reflection (Fig.
Sample Description d([(;)]l) A::::;::Zd d(&]}l) 1, Tab. 3) to the right on the axis x for activated samples
shows to the ion exchange in the interlayer space (Ca*
SAz-2 CaMMT | 1524 | NaSAz2 | 12.83 replaced by Na”).
STx-1b CaMMT 14.63 | NaSTx-1b | 12.08 3.2 Fourier transform infrared spectroscopy
The absorption spectra of the original montmorillonite
SWy-2 CaNaMMT | 13.55 | NaSWy-2 | 11.92 forms obtained by the KBr-pressed technique are shown
. in Fig. 2. The absorption bands observed in these spectra
Kunipia-F | NaMMT 12.43 B are described in detail in Tab. 4. Individual types of
montmorillonites differ not only in
Tab. 4 the type of mineral admixtures, but
Fundamental vibration frequencies of original montmorillonite samples. also in their chemical composition. It
is evident, that the SAz-2 is a nearly
e MMT MMT MMT MMT pure specimen. Only slight shoulder
SWy-2 STx-1b SAz-2 |Kunipia-F| occurring at 789 cm™' indicates traces of
OH strotch . amorphous silica. The quartz admixture
stretching o
sructural hydroxyl 3627 | 3624 | 3621 | 3626 ;Vtas79%°r;iﬁne7‘;9bszlf’uizle;\§§_; a:ﬁs
£roups Kunipia-F. Sample STx-1b contains
OH stretching of water 3427 3429 3425 3 440 only cristobalite (794 cm'). The
1 -1
OH deformation of water | 1 636 1636 1637 1638 ill) S(;;prggg bsgsy-?ceg:io?stiiis cr:;le
$i-0 of quartz 1170 _ _ _ presence of Fe in the octahedral
structure of this clay mineral. After
Perpendicular Si-O 1120 1089 1091 _ treatment of the mineral samples with
stretching a natrifying agent, typical carbonate
In plaqe Si-O-Si 1 048 1 042 1032 1 041 bands (1 430 and 880 cm™') appear in
stretching all IR spectra of used montmorillonites.
Al-Al-OH deformation 917 916 915 915 Simultancously, the  position of the
band corresponding to the vibrations
Al-Fe-OH deformation 884 - - - of the surface-bound water molecules
Al-Mg-OH deformation 848 845 842 844 sjfx?e%lzsr,nt::res (522215 csr};ft)s to higher
Si-O of quartz 798 - - 798
3.3 Thermal analysis
Si-O of cristobalite - 794 - - The samples of fine-grained mont-
. . morillonite fractions as well as the sam-
S1-O of silica (opal) _ _ 789 _ ples of their activated sodium forms
Si-O of quartz 779 - - 779 were measured by TG/DTA to get an
overview of their thermal behaviour.
Si-O of quartz 695 - - 695 The studied samples exhibit the same
Coupled Al-O and Si-O, trend as shown in the Fig. 3. The ther-
out-of-plane and Si-O - 627 - — mal curves of montmorillonite samples
of cristobalite generally show two temperature in-
_ . tervals. The first interval ranges from
Ocl(l)tl_lgtl“?glﬁeo and Si-0. 622 - 622 622 100 to 300 °C and involves the release
; ; of adsorbed water from the interlayer.
Al-O-Si bending 524 521 519 522 The second interval ranges from 500
Si-O-Si bending 467 469 466 467 to 1 100 °C and involves the release of
hydroxyl groups and subsequent phase
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with sharp increase at p/p,~ 0.95,
associated with the presence of
larger pores, macropores, Fig. 4.
For the sample Kunipia-F more
regular increase of adsorbed gas
volume with increasing relative
pressure can be detected. The hys-
teresis loops of SWy-2, STx-1b
and Kunipia-F as-obtained MMT
samples correspond with Type
H3, which relates with the presen-
ce of slit-like shape pores typical
for aluminosilicate materials. The
loop of SAz-2 sample is Type H4
also associated with presence of
slit-like shape pores, but the initial
part of the isotherm is connected
with the presence of micropores,
what was also confirmed from the

_-Kunipia-F
~ lsTx-1b
s
8 sAz-2
Q |
] .
£ 1Swy-2
g Oy
o
c
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processing of measured data by
BET method, Tab. 5.

For the SAz-2 sample the
BET isotherm exhibited the con-

Fig. 2. FTIR spectra of original montmorillonite forms.

transformations. The temperatures, shapes and intensities
of the endotherm peak in lower temperature interval are re-
lated to cations present in the sample (Hatakeyama & Liu,
1998). The doubled peak associated with loss of adsorbed
water is connected to Ca-montmorillonite form, whereas
after activation process there was obtained only one stage
peak typical for Na-montmorillonite form (Blazek, 1974).
Also the character of DTA curves for modified samples
slightly differed in contrast to origin minerals. Moreover
the temperature of phase transformation for

vex shape with the negative in-

tercept indicating the occurrence
of higher volume of micropores. Based on negative value
of intercept and C,_, constant acquired from the mathe-
matical model (Tab. 5), the value of specific surface area
is not of real physical significance. The BET method is
suitable for mesoporous to macroporous materials (pores
size bigger than 2 nm). For microporous samples should
be employed data evaluations from other technique than
BET. Therefore, allowing apparatus options, the texture of
sample was gained applying the #-plot method using the

STx-1b sample increased, but for SWy-2 and
SAz-2 no phase transformation was observed.

3.3 Textural properties

The textural properties of MMT samples
(SWy-2, SAz-2, STx-1b, Kunipia-F) and
their natrified forms (NaSWy-2, NaSAz-2,
NaSTx-1b) were studied by comparison their
adsorption and desorption isotherms. The
measured isotherms of all as-obtained MMT
samples showed the hysteresis loop between
the adsorption and desorption branches of
isotherms. The hysteresis loop is generally
related with the capillary condensation in me-
sopores, therefore their presence in the structu-
re of studied samples is predicted. Adsorption
isotherms of SWy-2, SAz-2 and Kunipia-F are
very similar, slow increase of adsorbed gas

DTA / uV

e SAZ-2
e NaSAZ-2

T T T T T T
400 600 800 1000

Temperature/ °C

T T
0 200 1200

volume in the whole range of relative pressure
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Fig. 3. DTA curves of CaMMT and NaMMT.
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Fig. 4. Low temperature nitrogen adsorption — desorption isotherms of studied MMT samples.

Harkins-Jura isotherm. That permits to define the micro-
pore volume and external surface area plus specific sur-
face area of mesopores. While the STx-1b and Kunipia-F
samples do not contain micropores, for the SAz-2 sample
relative high volume of them was calculated. From the
as-obtained MMT samples, the highest value of specific
surface area was obtained for the STx-1b sample.
Modification of as-obtained montmorillonites did
not change the shape of their isotherms significantly.
The hysteresis loop got wider for all studied samples,
Fig. 4. While for the SWy-2 and STx-1b samples similar
gas volume was adsorbed at low relative pressure, for the
SAz-2 sample slight decrease can be observed. For the
SAz-2 sample the modification did not influence the textural
properties as in case of other studied MMT samples. This
sample was strongly microporous comparing with other
studied materials and after the modification the volume
of micropores only slight increased. In case of NaSWy-2
sample more than twice higher value of micropore volume
was obtained. Increase from the zero value up to significant
value of 0.004 cm3 STP/g (STP — standard temperature and
pressure, t = 0 °C, p = 101.325 kPa) was detected for the
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NaSTx-1b sample. For all samples, increase of micropore
volume relates with the decrease in value of external
surface area, Tab. 5.

The changes in textural properties of the as-obtained
MMT samples after their modification can be observed
also from the differential pore size distribution curves
derived from the desorption branches of isotherms (Fig. 5).

The SWy-2 sample showed wider distribution in the
range from 4.3 nm to 44.7 nm with maximum R =
9.8 nm (pore radius) what corresponds with the presence of
meso- and macropores. The sharp maximum of pore radius
at R = 1.9 nm correlates with the jump on the desorption
isotherm, as called forced close of hysteresis loop and
does not correspond with real pores. This maximum can
be observed for all studied samples, therefore it was not
regarded as significant data and the y axis of graphs were
customized to better illustrate the differences between the
curves. After the modification the distribution curve did
not shown significant maximum, but also the volume of
meso- and macropores decreased. The sample SAz-2 and
NaSAz-2 have very similar distribution curves, slight
difference can be observed only in the range of large
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mesopores and macropores what Tab. 5
can be associated with the lower Textural parameters of MMT samples.
value of adsorbed gas volume on

1 Z t. 3 Z VvV 3
the adsorption isotherm discussed Sample S per[m7g] | € cons Vi [emgl | S [mg] |V, [emg]
above. As was mentioned, the SAz-2 | gy 26.2 1662.0 | 0.095 04 17.6 | 0.00382
sample was more microporous and
the modification did not influence | NaSWy-2 29.6 -2101.9 0.098 91 11.9 0.008 12
its textural properties significantly. | ga, > 84.4 “1031.0 | 0.12430 488 | 0.01594
Therefore, almost similar run of
distribution curves was obtained for NaSAz-2 69.3 -209.3 0.152 00 32.7 0.016 72
these studied samples. The STx-1b | g 1, 99.4 73.0 | 028840 | 99.4 | 0.00000
as-obtained sample did not contain
micropores. It was mainly meso- | NaSTx-1b 97.2 149.3 0.224 80 86.3 0.004 47
macroporous, with higher contentof 1 o |y 170.5 | 0.075 15 9.5 | 0.00067
larger mesopores (R = 21.6 nm).

After the sample modification,

the shift of the distribution curve to left to the values of
lower mesopores was observed (R = 3.05 nm). This fact
corresponds with the decrease of its value of total pore
volume. The as-obtained Kunipia-F sample showed wide
distribution from 3.03 nm to 143.3 nm with two maxima

R _,=157nmand R __ =465 nm, what confirmed its

max| X2

-l SWy-2
-@-NaSWy-2

100

B STx-1b
-@-NaSTx-1b
‘ \

predominantly mesoporous character with small value of
specific surface area.

3.4 Scanning electron microscopy

Montmorillonite samples (MMT) were characterized
by particles assembled into aggregates up to a few tens
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Fig. 5. Differential pore size distribution curves of studied MMT samples.
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NaSTx-1b

of um. The montmorillonite natrification had a dispersing
effect on montmorillonite which meant grain refinement
(Fig. 6). The bonds in the structure of montmorillonite are
mainly influenced by the presence of water molecules.
Water absorption is directly related to the presence of the
two most common Na” and Ca’* cations in the interlayer
space of the MMT structure. Divalent Ca®* cations keep
the structural layers more stable and compact than their
monovalent (Na*) competitors. Upon entering Na* cations
into the structure of smectite (montmorillonite), weaker
bonds within the structural layers allow water molecules
(but also other foreign cations or molecules) easier access
to the layered structure. Hydration with water molecules
leads to the expansion of the interlayer space immediately
upon contact with water. A radical increase of the interlayer
volume (up to 10 times) will affect the cation exchange

24

Fig. 6. SEM images of
MMT samples — magni-
fication 5 000x.

Kunipia-F

capacity of the montmorillonite (Kawatra & Ripke, 2003).
In addition, monovalent Na* cations cannot compensate
for the negative target charge of the phyllosilicate, as the
presently ordered divalent Ca** cations.

This results in the structure being refined by increasing
the repulsive forces between the montmorillonite particles.
This phenomenon, together with the increase in volume,
leads to an increase in the specific surface area and to
changes in the adsorption properties of montmorillonite

(Fig. 6).

4 Conclusion

In this study, the detailed characterization of fine-
grained fractions of the montmorillonites samples SWy-2,
SAz-2, STx-1b and Kunipia-F (in their natural state and
after modification) was performed. The XRD analysis
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confirmed montmorillonite as dominant mineral phase and
demonstrated the structural changes of purified activated
samples. The above mentioned changes affected the
movement of montmorillonite main (001) reflection to the
right on x axis. This phenomenon was caused by cation
exchange between Ca* and Na* from interlayer space of
montmorillonite structure.

The absorption bands observed in the IR spectra of the
original montmorillonite forms were described in detail.
After chemical activation, typical carbonate bands appear
in all IR spectra of used montmorillonites. Simultaneously,
the position of the band corresponding to the vibrations
of the surface-bound water molecules changes, the band
shifts to higher wavenumbers.

Thermal stability was determined for both fine-
grained montmorillonite fractions and the samples of their
activated sodium forms. Studied samples exhibit the same
trend. The doubled peak on DTA curve associated with
loss of adsorbed water is connected to Ca-montmorillonite
form, whereas after activation process there was obtained
only one stage peak typical for Na-montmorillonite form.

Based on the obtained data it can be concluded that
modification influenced the structural and porous properties
of SWy-2 and STx-1b samples (meso-macroporous
samples). For microporous montmorillonites (SAz-2) such
kind of treatment has not significant effect.

The activation of MMT samples with sodium led to
a smaller grain sizes caused by the dispersive effect of
sodium cations on the montmorillonite morphology seen
on SEM.

These obtained results indicate that prepared activated
fine montmorillonite fractions possess the potentiality to
be a suitable material for preparing polymer-clay nano-
composites with enhanced sorptive properties usable for
environmental remediation.
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Charakteristika jemnozrnnej frakcie montmorillonitu na pripravu
polymérovych ilovitych nanokompozitov

Cielom stidia bola detailnd charakterizacia ilovych
mineralov (pred ich chemickou aktivaciou a po nej) na
pripravu nanokompozitov polymér-il v porovnani s pri-
rodnym neupravenym materialom. Komplexna struktirna
charakterizacia jemnozrnnych frakcii prispieva k lepSiemu
pochopeniu fyzikalno-chemickych vlastnosti a spravania
flovych minerdlov a umoziuje plne vyuzit’ ich potencial
pri priprave ilovych nanokompozitov s vyssimi uzitkovy-
mi vlastnostami na budiice priemyselné aplikacie.

Vzorky montmorillonitu su charakteristické ¢asticami
spojenymi do agregatov az do velkosti niekolkych de-
siatok mikrometrov. Natrifikdcia ma na montmorillonit
disperga¢ny ucinok, ¢im sa dosiahne zjemnenie zrna.
Vizby v strukture montmorillonitu st ovplyvnené najma
pritomnost'ou molekul vody. Absorpcia vody priamo su-
visi s pritomnostou dvoch najbeznejsich kationov, Na*
a Ca*, v medzivrstvovom priestore. Dvojmocné kationy
Ca?" udrzujt struktirne vrstvy stabilnejSie a kompaktnej-
Sie ako ich monovalentné (Na”) iony. Po vstupe kationov
Na* do Struktiry smektitu (montmorillonitu) slabsie vazby
v ramci Struktirnych vrstiev umoznuji molekulam vody
(ale aj inym cudzim katiénom alebo molekulam) I'ahsi pri-
stup k vrstvene;j Struktire. Radikalne zvysenie objemu me-
dzivrstvy (az 10-nasobne) ovplyvni katidnovli vymennt
kapacitu montmorillonitu. Tento jav spolu so zvid¢Senim
objemu vedie k zvicseniu Specifického povrchu a k zme-
nam adsorpénych vlastnosti montmorillonitu.

Boli pouzité Styri vzorky ilového mineralu montmo-
rillonitu: SWy-2, SAz-2, STx-1b a Kunipia-F. Vzorky
SAz-2 a STx-1b obsahuji kationy Ca®* v medzivrstve,
vzorka SWy-2 kationy Na* aj Ca?" a Kunipia-F iba kationy
Na*. Montmorillonity v prirodnom stave boli purifikované
sedimentaciou podla Stokesovho zakona (ziskand jemna
frakcia, vel’kost’ Castic <5 um). Na zlepsenie povrchovych
vlastnosti jemnozrnnych frakcii sa urobila monoiénova
chemicka aktivacia vzoriek montmorillonitov obsahuju-
cich vapnik v medzivrstve (SAz-2, STx-1b a SWy-2). Ak-
tivované vzorky boli pripravené saturaciou 0,5 M vodnym
roztokom Na,CO, intenzivnym trepanim pocas 24 hodin,
oddelenim zmesi centrifugaciou, naslednym premyvanim
destilovanou vodou a suSenim pri 100 °C pocas 24 hodin.
Nasledne sa vykonala fyzikalno-chemicka charakterizacia
ziskanych materialov, ako aj vstupnych vzoriek metédami
rtg. praskovej difrakcie, infracervenej spektroskopie, ter-
mickej analyzy, SEM analyzy a analyzy povrchu pomocou
sorpcie plynov.

Rontgenova praskova difrakcia potvrdila pritomnost’
montmorillonitu ako dominantni mineralnu fazu a pre-
ukazala Struktirne zmeny aktivovanych vzoriek, ktoré
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ovplyvnili posun hlavnej bazalnej difrakcie montmoril-
lonitu (001) na osi x doprava. Tento jav bol spdsobeny
vymenou katiénov medzi Ca®* a Na* z medzivrstvového
priestoru montmorillonitovej Struktury.

Infracervena spektroskopia charakterizovala absorpéné
pasy pozorované v infracervenych spektrach pdvodnych
foriem montmorillonitu. Jednotlivé typy montmorillonitov
sa lisia typom mineralnych primesi aj svojim chemickym
zlozenim. Montmorillonit SAz-2 predstavoval takmer Cis-
ta vzorku. Iba nepatrny pas nachadzajuci sa v blizkosti
789 cm! indikoval stopy amorfného oxidu kremicitého.
Primes kremena sa potvrdila dubletom pasov v oblasti
vinovej dizky 798 a 779 em™ vo vzorkach SWy-2 a Ku-
nipia-F. Vzorka STx-1b obsahovala primes cristobalitu
(794 cm™). Absorpény pas pri vinovej dizke 884 cm™
vo vzorke SWy-2 potvrdil pritomnost’ Fe v oktaédricke;j
Strukttre tohto ilového mineralu. Po chemickej aktivacii
sa vo vSetkych infraCervenych spektrach pouzitych
montmorillonitov zistili typické karbonatové pasy (1 430
a 880 cm™). Sucasne bola pozorovana zmena polohy pasu
zodpovedajuceho vibraciam povrchovo viazanej vody. Pas
sa postiva k vys$sim vlnovym dizkam.

Pri hodnoteni tepelnej stability jemnozrnnych frakcii
montmorillonitov a ich aktivovanych sodnych foriem si-
multannou termogravimetriou a diferen¢nou termickou
analyzou mali Studované vzorky rovnaky trend. Teplotné
krivky vykazovali dva teplotné intervaly. Prvy interval
(100 — 300 °C) zodpoveda uvolnovaniu adsorbovanej
vody z medzivrstvy. Druhy interval (500 — 1 100 °C) pred-
stavuje uvolnovanie hydroxylovych skupin a nasledné
fazové premeny. Zdvojeny pik na DTA krivke zodpove-
dajuci strate adsorbovanej vody je spojeny s Ca formou
montmorillonitov. Po aktivacnom procese bol ziskany jed-
nostupnovy pik, typicky pre Na montmorillonitovu formu.
Teplota fazovej premeny sa pri vzorke STx-1b zvysila,
zatial’ ¢o pri vzorkach SWy-2 a SAz-2 fazova premena
nebola pozorovana.

Podrobné analyzy adsorpénych izoteriem sa uskutoc-
nili na porovnanie povrchovych vlastnosti Studovanych
vzoriek. Namerané izotermy vSetkych vzoriek montmo-
rillonitov ukézali hysteréznu slu¢ku medzi adsorpénymi
a desorpénymi vetvami izoteriem. Adsorpcné izotermy
SWy-2, SAz-2 a Kunipia-F boli ve'mi podobné, pomalé
zvySovanie objemu adsorbovaného plynu v celom rozsa-
hu relativneho tlaku s prudkym narastom pri p/p0 ~ 0,95
bolo spojené s pritomnost'ou vacsich porov, makroporov.
Hysterézne slucky vzoriek SWy-2, STx-lb a Kunipia-F
korespondujii s typom H3 potvrdzujicim pritomnost
poérov typickych pre hlinitokremicitanové materialy.
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Slucka vzorky SAz-2 je typu H4, spojend s pritomnos-
tou strbinovitych porov, ale pociato¢na Cast’ izotermy je
spojena s pritomnostou mikroporov. Najvyssia hodno-
ta Specifického povrchu bola v pripade vzorky STx-Ib
(99,4 m¥/g).

Zmeny vlastnosti po modifikacii vzoriek montmorillo-
nitov boli pozorované aj z distribu¢nych kriviek diferen-
cidlnej velkosti porov odvodenych z desorpénych vetiev
izoteriem. Vzorka SWy-2 vykdzala SirSiu distribuciu,
v rozsahu od 4,3 do 44,7 nm s maximom R = 9,8 nm
(polomer pérov). Zodpoveda to pritomnosti mezo- a ma-
kropérov. Ostré maximum polomeru pérov pri R = 1,9 nm
zodpoveda skoku na desorpcnej izoterme, ktory sa nazy-
va vynutené uzavretie hysteréznej slucky a nezodpoveda
skutoénym pérom. Toto maximum mozno pozorovat’ pri
vsetkych Studovanych vzorkach. Vzorky SAz-2 aNaSAz-2
maju velmi podobné distribucné krivky, mierny rozdiel
mozno pozorovat’ iba v rozsahu vel’kych mezoporov a ma-
kroporov. Méze to byt spojené s nizSou hodnotou obje-
mu adsorbovaného plynu na adsorpcnej izoterme. Vzorka
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SAz-2 bola mikroporéznejsia a modifikdcia vyznamne
neovplyvnila jej textirne vlastnosti. Vzorka STx-lb ne-
obsahovala mikropéry, bola hlavne mezoporézno-ma-
kroporézna, s vy$$im obsahom vécsich mezopérov (R
= 21,6 nm). Po modifikacii vzorky sa pozoroval posun
distribu¢nej krivky dolava k hodnotam nizsich mezopo-
rov (R = 3,05 nm). Tato skuto¢nost’ zodpoveda znize-
niu hodnoty celkového objemu poérov. Vzorka Kunipia-F
vykazala Siroku distribuciu, od 3,03 do 143,3 nm s dvomi
maximami, R =157nmaR__ =46,5nm. Potvrdilo to
prevazne mezoporézny charakter s malou hodnotou Speci-
fického povrchu. Ziskané jemné frakcie montmorillonitu
maju potencial byt vhodnym materidlom na pripravu ilo-
vych nanokompozitov s lep$imi sorpénymi vlastnostami
vyuziteInymi v environmentalnych oblastiach.
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