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Abstract The influence of different steric properties of
ethylenediamine (EDA), trimethylenediamine (TrMeEDA)
and tetraethylenediamine (TeMeEDA) on the type of
interactions with Co(Il)-exchanged montmorillonite and
thermal decomposition of these materials were studied. The
results of X-ray diffraction (XRD), thermogravimetry
(TG), derivative thermogravimetry (DTG) and spectral
analysis shows that the studied ethylenediamines are
intercalated into the interlayer space of montmorillonite.
Thermal decomposition at 20-500 °C of studied samples
with EDA proceeds in three steps (the release of chemo-
sorbed amines, coordinated EDA and dehydroxylation)
while the sample with TrMeEDA and TeMeEDA in five

S. Snircovd - E. J6na - R. Janik - L. Lajdova - S. Lendvayov4 -
M. Loduhov4 - V. Sutinskd - S. C. Mojumdar

Department of Inorganic Materials and Environmental
Engineering, Faculty of Industrial Technologies, University of
Tren¢in, SK-02032 Puachov, Slovakia

R. Durny
Slovak Institute of Metrology, Karloveska 63, Bratislava,
Slovakia

P. Lizak

Department of Industrial Design, Faculty of Industrial
Technologies, Trencin University of A. Dubcek, Trencin,
Slovakia

S. C. Mojumdar
University of New Brunswick, Fredericton, NB E3B 5A3,
Canada

S. C. Mojumdar (D<)

Department of Chemical and Biochemical Engineering,
The University of Western Ontario, London, ON N6A 5B9,
Canada

e-mail: scmojumdar@yahoo.com

steps (also release the protonated forms). The effect of
different steric properties of individual diamines is evident.
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Introduction

Many articles have been published concerning the study of
the interactions of neutral amines and diamines with mont-
morillonite [1-4]. The arrangement of alkyl chains depends
on the layer charge and the alkyl chain length [5].

Organomontmorillonites with amines are used in many
industrial branches, e.g. as tixotropic agents in lacguers and
paints, in lubricants, as adsorbents of organic compounds
and isomers [6]. Only few articles deal with thermal effects
on these materials [7-9] in spite of the importance of their
thermal behaviour in many industrial applications. TG and
DTA studies of organo-clay coupled with other thermal
methods have been recently reviewed in [10, 11] but there
is no data according to our knowledge about the thermal,
XRD and spectral properties of Co(Il)-exchanged mont-
morillonite with ethylenediamine, trimethyl- and tetra-
methyl-ethylenediamine. This fact has prompted us to
undertake a systematic investigation of Co(Il)-exchanged
montmorillonite with ethylenediamine, trimethyl- and tet-
ramethyl- ethylenediamine and their thermal, XRD and
spectral properties.

Thermal, XRD, optical and spectral analyses are very
useful thechniques for materials characterisation. There-
fore, many authors have used these techniques for various
materials characterisation [12-32]. The present article
describes TG, DTG, XRD and FTIR spectral data of Co(II)-
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exchanged montmorillonite (Co(I)-MMT) with EDA,
TrMeEDA and TeMeEDA. The aim of this study was to
investigate the effect of different steric effect of these dia-
mines on the type of interactions with Co(Il)-montmoril-
lonite and thermal decomposition of studied materials.

Experimental
Syntheses of the samples

Less than 2 pm fraction of bentonite from JelSovy Potok
(bentonite deposit in the central part of Slovakia) was
separated from a bulk sample and converted into the
monoionic Ca-form using standard method [33, 34]. The
crystalochemical formula of Ca-MMT is as follows:

Cag 43 (Si7.50Alg.41) (Al g6Feo 34Mg ¢3) (OH) ,O20.

The monoionic form of Co(II)-MMT was prepared from
the Ca-MMT in a way that 450 cm® of a CoCl, solution
(¢ = 1 mol dm_3) were added to 3 g of Ca-MMT, the
mixture was stirred for a short time and left to stand for
24 h. After decantation, CoCl, solution was added again to
the solid phase, stirred and left to stand as before. This
procedure was repeated four times. The solid product was
then washed by water in order to remove the Cl~ anions
and finally dried at 60 °C. A thin layer (ca 250 mg) of
monoionic form was exposed to alkylamine vapours for
72 h at room temperature.

Measurements

The analytical methods used have been described else-
where [35]. The thermal analyses (TG and DTG) were
carried out on a SDT 2960 of TA Instrument. The mea-
surements were performed in nitrogen atmosphere using a
platinum crucible. A sample mass of 20-25 mg and heating
rate 10 °C min~"' were used.

The FTIR absorption spectra were recorded on a Nicolet
Magna 750 Fourier Transformed IR spectrometer in the
range of 400-4,000 cm™".

The X-ray diffraction patterns for pressed powder
samples were recorded on a Philips PW 1050 diffractom-
eter using CuK, radiation.

Results and discussion

XRD properties and colours of studied compounds

The interlayer distances from the XRD patterns and colour
of studied samples are summarised in Table 1.

After the interactions of diamines with montmorillonite,
the basal spacings decreased from 1.44 nm to ca.
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Table 1 Representative XRD data and colour of Co(II)-MMT and
intercalation products

Samples 20/°  dyoymm  Colour
Co(II)-MMT (I) 7.13 1.44 Weak-pink
Co(II)-MMT + EDA (II) 7.76 1.23 Sand-yellow
Co(II)-MMT + TrMeEDA (III) 7.46 1.39 Yellow-grey
Co(II)-MMT + TeMeEDA (IV)  7.48 1.37 Grey

MMT montmorillonite, EDA ethylendiamine, 7rMeEDA trimethyl-
ethylenediamine, TeMeEDA tetramethyl-ethylenediamine

1.32-1.39 nm and are close for all studied product. It
indicates that

(a) The arrangement of diamines in the interlayer space is
similar.

(b) The observed changes in the basal spacing are
connected with the intercalation of diamines into
the interlayer spaces of montmorillonite [34, 36].

However, the decrease of basal spacing may be partly
due to the different hydration of montmorillonite. In order
to exclude this possibility, the products were heated at
60 °C. It was observed that basal spacing of all products
did not change during the heat treatment. From these
observations, we concluded that the observed decrease in
the basal spacing was due to the intercalation of the dia-
mines into the interlayer space of montmorillonite.

The changes in colour of studied samples suggest that the
changes in the coordination sphere of the interlayer Co®"
cations have occurred. Since these cations were surrounded
by water molecules at ambient conditions, the decrease in the
basal spacing may be due to the intercalation of the diamines
into the interlayer spaces of montmorillonite.

Thermal properties of studied compounds

Thermal analysis results are summarised in Table 2 and the
typical DTG curves of Co(II)-MMT(), Co(II)-MMT +
EDA(I), Co()-MMT + TrMeEDA(Il) and Co(Il)-
MMT + TeMeEDA(VI) are shown in Fig. 1.

Thermal decomposition of Co(II)-MMT(I) proceeds
under dynamic conditions in the temperature range
20-500 °C in two distinct steps. The first step can be
assigned to the release of the water molecules with the DTG
peak at 95 °C while the second step is attributed to the
release of water molecules from hydroxylgroups of Co(II)-
MMT (lattice dehydroxylation). Three steps of decompo-
sition of Co(II)-MMT + EDA(I) are observed in the tem-
perature interval under study. The first step can be assigned
to the physically adsorbed water molecules and EDA
while the second peak can be assigned to the coordinated
diamines and third one to the dehydroxylation (Fig. 1). The
thermal decomposition of Co(II)-MMT + TrMeEDA(II)
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Table 2 Thermal analysis results for studied samples in the temperature range 20-500 °C

Samples TG DTG Released components and processes
Steps Aml% T,/°C
Co(II)-MMT (I) 1 16.7 95 H,0 molecules
2 325 Dehydroxylation
Co(II)-MMT + EDA (II) 1 4.8 55 Adsorbed EDA
2 8.1 155 Coordinated EDA
3 6.1 434 Dehydroxylation
Co(II)-MMT + TrMeEDA (III) 1 2.7 57,7
2 2.1 119,4 Adsorbed TrMeEDA
3 2.3 250 Coordinated TrMeEDA
4 3.7 350400 Protonated TrMeEDA
5 33 490 Dehydroxylation
Co(I)-MMT + TeMeED (IV) 1 6.1 53
2 6.1 112 Adsorbed TeMeEDA
3 2.8 200
4 34 400 Coordinated TeMeEDA
Protonated TeMeEDA
5 3.1 484 Dehydroxylation
FTIR spectral properties of studied compounds
254 The conclusions of thermal analysis results are in agreement
with the results of FTIR spectroscopy. Several bands can be
- v observed in the studied region (400-4,000 cm™ ') which
M were attributed to the stretching vibrations of O-H groups
c (~3,620 cm™ "), water molecules (3,394-3,437 cm™ '), Si—
g 1.5 1 O groups (1,020 cm_l), deformation vibrations of O-H
5 groups  (837-841 cm™'), AIAIOH (912-914 cm™"),
P I AlMgOH (837-841 cm™ 1), deformation vibrations of Al-O—
] Si groups (516-520 cm™") and Si—O-Si at 455-464 cm™".
The significant difference between Co(II)-MMT and the
0.5 - | intercalation products can be observed first of all in the
region 1,450-1,750 cm™! (Fig. 2). However, Co(Il)-MMT
T T T 1 shows only one band at 1,637 cm™" assigned to the defor-
0 150 300 450 600 mation vibrations of H-O-H groups, the intercalation spe-
Temperatur/°C cies exhibit in this region two or three peaks at 1,592 and

Fig. 1 DTG curves of studied compounds: Co(I)-MMT(I); Co(II)-
MMT + EDA(D); Co(I)-MMT + TrMeEDA(III); Co(I)-MMT +
TeMeED(IV)

and Co(I)-MMT + TeMeEDA(V) proceeds in five steps
(Table 2). The first and second steps can be assigned to the
release of adsorbed water and diamine molecules, respec-
tively. The third and fourth steps correspond to the coordi-
nated and protonated diamines while the fifth step
corresponds to the lattice dehydroxylation [2, 37].

1,490 cm ™' (Co(I)-MMT + EDA(II)), 1664, 1589 (sh) and
1472 ecm™' (Co(I)-MMT + TrMeEDA(III)) and 1647,
1589 and 1470 cm™' (Co(Il)-MMT + TeMeEDA(IV)).
Coordination of EDA causes shift in the absorption bands
from the position observed for the free EDA in solution. The
NH, scissoring vibration at ~ 1,626 cm™! in solution is
shifted to 1,590 cm ™! upon coordination. CH deformation
vibration can be observed at 1,647—1,664 cm™! (Fig. 2).
Thus, TrMeEDA and TeMeEDA exist in studied samples in
protonated forms and also may be coordinated to Co®" ions.
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Fig. 2 Infrared spectra of studied compounds: Co(II)-MMT(I);
Co(I)-MMT + EDA(II); Co(Il)-MMT + TrMeEDA(II); Co(II)-
MMT + TeMeED(IV)

The results suggest that when the numbers of methyl
groups are changed (from EDA to tetramethyl EDA), the
possibility of the coordination of the diamines is decreased
and formation of protonated diamines increases.

Conclusions

XRD, thermal and spectral analyses show that ethylene-
diamine (EDA), trimethylethylenediamine (TrMeEDA)
and tetramethylethylenediamine (TeMeEDA) were suc-
cessfully intercalated into interlayer spaces of cobalt(Il)-
montmorillonite. The presence of coordinated and/or
protonated diamines in the silicate interlayers is connected
with different steric effects of studied ethylenediamines
which also influence the thermal decomposition of studied
compounds.
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