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ABSTRACT

Propylamine, dipropylamine and triplopylamine were adsorbed on sepiolite specimens under
reflux, at their normal boiling points. The infrared spectra of the original and the amine adsorbed
specimens were recorded before and after heat treatments between 50-400°C. The examination of the
spectra revealed that the adsorption of amines took place by the replacement of the zeolitic water in the
pores of the sepiolite by the amines.

1. INTRODUCTION

The sepiolite known as the Eskigehirstone or Liilestone in our country is a clay
mineral that has a fibrous structure. The building stones of clay minerals are
tetrahedrons generally containing Si **ions in the centers and octahedrons generally
containing AI** and Mg?* ions in the centers. The tetrahedrons which are bonded to
eachother through oxygen bridges at the corners, form the tetrahedron sheets or
chains called “silica” and the octahedrons form the octahedron sheets or chains
called “alumina” or “magnesia”. The clay minerals of fibrous structure which are
called “sepiolite” and “attapulgit” are formed by the bonding of silica chains and
magnesia chains through oxygen bridges. All of the clay minerals which have
sheeted and fibrous structures are either aluminium silicates or magnesium silicates’.
The chemical composition of clay minerals varies depending on the natural
environment because of the isomorphic ion exchanges.
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By combining the results of chemical analysis and X-ray diffraction > the
ideal chemical formula of the sepiolite mineral was determined to be
Mg5S115030(0OH)4(OH,)4 6H,0

The four OH groups in the crystal are on the corners of octahedrons in the
magnesia chain which is left unbonded through oxygen bridges to the tetrahedrons
in the silica chains. Similarly, the four H,O molecules called “bonded water” are
bonded in couples to the magnesium ions at both ends of the chain through hydrogen
bonds. On the other hand, the six H,O molecules called “zeolitic water” seen in the
formula is in the pores Wthh originate from the empty spaces between the ﬁbres
The replacement of Mg>* ions by even a small amount of AI**, Fe*™* and Fe** by
isomorphic ion exhange, changes most if its properties principally its white color.
The behavior of the hydroxyl goups®, the bonded water and the zeolitic water’ is
investigated by different techniques including principally the Infrared Spectroscopy
(IR). On the other hand, the surface properties’, catalytical activity® and the
transformation of sepiolite to clay minerals which have sheeted structures”' is
investigated and its utilization areas are determined’"’%. Various touristic objects are
produced depending on the size of sepiolite balls taken from the mineral beds in the
region of Eskisehir. During this production about 30% of the mineral is left behind
in the form of fragments or powders. In order to evaluate these residues it is
necessary to investigate in detail the physical and chemical properties of the
sepiolite mineral. For this reason, the porous structure 13‘14, the surface acidity15 and
effectiveness in cigarette filters of the Eskisehir stone were determined16 It is clear
that the Eskisehir stone whose specific surface area is 370m’g™, total specific pore
volume is 0. 80 cm g’ spec1f1c m1cro— meso-, and macropore volumes are 0.16
em’g’, 0.28 cm? g’ and 0.37 cm’ g respectively, is a good adsorbent'>. Therefore, it
is necessary to investigate the adsorptive properties of this material in more detail.

It is thought that the sepiolite might be used as a catalyst or catalyst bed in
organic reactions, hence, the adsorption of amines which are important organic
compounds, on sepiolite was considered. The aim of this study was to investigate on
one hand, the adsorption of propylamine (PA), dipropylamine (DPA) and
tripropylamine (TPA) on the Eskisehir sepiolite and the variation of the adsorption
by temperature, and on the other hand, to investigate the differences in the
adsorption of primary, secondary, and tertiary amines by the IR spectroscopy. The
considered bases whose subsequent formulas are C;HsNH,, (C;Hs),NH and
(C5H;);N act both as Bronsted and Lewis bases.

EXPERIMENTAL
The chemical analysis results and the differential thermal analysis and the X-

ray diffraction curves of the Eskisehir sepiolite chosen as the adsorbent were already
given in our previous paper'’.
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The normal boiling points of the weak bases (PA), (DPA) and (TPA) chosen as
the adsorbed material and supplied by Merck were determined as 49°C, 110°C,
157°C respectively.

Sepiolite was supplied in the form of fragments by the Liilestone workshops in
Eskisehir. It was first dried and then ground such that particles could pass throgh a
325 mesh sieve. PA, DPA and TPA were subsequently adsorped on different
specimens taken from the ground sepiolite. The adsorption was realized by heating
the amines up to their boiling points and keeping them in contact with the sepiolite
in a soxlet under reflux, for 40 hours. The excess of amines that were left on the
sepiolite specimens were eliminated by applying a drying process under vacuum at
30°C for 8 hours.

2mg specimens were taken from each of the original and the amine adsorbed
specimens. Each specimen was mixed with 140 mg of KBr and pressed. Thus four
different types of IR discs were prepared. The IR spectra of those discs which were
prepared by the original and PA, DPA, and TPA adsorbed specimens were first
recorded at room temperature. Each of the same type of discs were respectively kept
at 50,100,150,200,250,300,350, and 400°C for 40 hours, cooled to room temperature
in a dessicator and then their IR spectra were recorded i.e. Nine IR spectra for each
type of disc, thus a total of thirty-six IR spectra were recorded, using a SHIMADZU
IR-435 IR-Spectrometer.

RESULT AND DISCUSSION

By considering the studies realized by IR spectroscopy for the adsorption of
different amines on alumina and silica-alumina catalysts '*?%, the IR spectra
recorded in this study were evaluated as follows.

The Original Sepiolite (OS): The IR spectra of the OS before and after heat
treatment and cooling to room temperature, are given in Fig. 1. A sharp streching
band at 3675 cm’' of the OH groups which are bonded to the crystal, a streching
band at 3560 cm’’ of the bonded water, a streching band at 2415 cm’ of the zeolic
water and a deformation band between 1630-1660 cm™ of the bonded and zeolitic
water are observed as has been marked on the spectra.

Although the streching band at 3675 cm™ of the hydroxyl groups which are
bonded to the crystal, gets smaller by increasing temperature, it does. not disappear
completely. This shows that these groups did not leave the crystal completely even
at 400°C. It was determined by previous differential thermal analysis (DTA) studies
that the hydroxyl groups bonded to the crystal were eliminated by dehydroxylation
only at 800°C". After the dehydroxylation the crystal structure is destroyed
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completely and solid phases of very low porosity called enstatite and o -cristobalite
are formed.

The adsorption bands at 3560 cm™ and 1660cm™ seen in the spectra get smaller
as the thermal treatment temperature increases. This observation leads to the
conclusion that although the bonded water is eliminated considerably it did not
disappear completely at 400°C. It was determined by previous DTA studies that this
water was completely eliminated before the temperature reached 800°C and the
“sepiolite anhydride” was formed'”.

The fact that the adsorption bands at 3415 cm™ and 1630 cm’ seen in the
spectra get smaller and smaller by increasing thermal treatment temperature and
disappear completely at 350° C shows that the zeolitic water is completely
eliminated from the pores at this temperature.
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Fig.1. The IR spectra of the original  Fig.2. The IR spectra of the propylamine
sepiolite adsorbed sepiolite specimens



THE INVESTIGATION OF THE ADSORPTION OF PROPYLAMINE 25

Propylamine adsorbed sepiolite (PAS): The IR spectra of the PAS kept at room
temperature and of the PAS which underwent heat treatments and cooled to room
temperature are given in Fig.2. In these spectra besides the adsorption bands
belonging to the OS, C-H absorption bands at 2980 cm™ and 2880 cm’, N-H
absorption bands at 3240 cm™ and 1610 cm™ are observed showing that the PA was
adsorbed on sepiolite. The band at 3250 cm™ is a result of the streching vibration of
the N-H bond and the band at 1610 cm™ is a result of the bending vibration which
causes the deformation of the same band. This bending band and the O-H bending
band of the zeolitic water overlap to a great extent.

While the bands of the zeolitic water get smaller by increasing temperature the
bands of N-H bonds become more apparent showing that the PA 'is adsorbed by
replacing some of the zeolitic water.

The PA which is a weak base takes a proton and forms a cation represented as
PAH" The absorption band at 1495cm™ is a result of bending vibrations of the NH;"
group in this cation. The disappearence of this band at 400° C is related to the
nonformation of PAH™ because of the absence of zeolitic water in the pores at this
temperature. Hence; it appears that the PA molecules take protons from the water in
the pores.

Diproylamine adsorbed sepiolite (DAS): The IR spectra of the DAS kept at
room temperature and of the DAS which underwent heat treatments and cooled to
room temperature are given in Fig. 3. The fact that there is a great similarity between
the spectra of Fig. 2 and Fig.3 except negligible displacements of the absorption
peaks shows that the adsorption of the DPA on sepiolite is similar to that of the PA.
The bending wave number of the NH," group in the cation represented as DPAH"
which is formed by the DPA taking a proton from the zeolitic water, is the same as
the bending wave number of the NH;* group in the PAH" and is 1495 cm™.

Tripropylamine adsorbed sepiolite (TAS): The IR spectra of the TAS kept at
room temperature and of the TAS which underwent heat tratments and cooled to
room temperature are given in Fig. 4. Although the bands except for negligible
displacements are similar to those of the PAS and DAS, the wave number of the
NH" group in the cation represented as TPAH" which is formed by the TPA taking a
proton fromthe zeolitic water, is greater than the same wave numbers of the NH;*
and NH," , and is 1545 cm™. The band of TPAH" cation, which is more apparent
than the bands of PAH* and DPAH" cations and which moves to 1560 cm™ by
increasing heat treatment temperatures, disappears completely at 400° C.
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Fig.3. The IR spectra of the Fig.4. The IR spectra of the
dipropylamine adsorbed sepiolite tripropylamine absorbed sepiolite
specimens specimens
CONCLUSION

It was determined that there was a slight difference between the IR spectra of
the Eskigehir sepiolite and the sepiolite taken from certain regions of Spain,
Madagaskar and France®. It was concluded that this situation originated form the
chemical composition differences which occurred as a result of isomorphic ion
exchanges.
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It was observed that by increasing temperature the zeolitic water was
climinated gradually and disappeared completely at 350°C. In a previous study
realized by the standard BET procedure, the specific surface area which was 370 m’
g at 100°C decreased to 200 m?g™ at 300°C™. This situation was related to the fact
that the sepiolite pores which were in the shape of rectangular segmented canals
transformed into parallelogram segmented canals and some of the mouths of those
canals got so narrow that the nitrogen molecules could not penetrate. The decrease
of the specific surface area which is expected to increase as the zeolitic water is
eliminated is due to the contraction of the sepiolite crystal caused by the geometric
shape transformation. Since the zeolitic water can be taken in and given out
reversibly the geometric shape transformation is also reversible.

It was observed that, although the bonded water and the hydroxyl groups were
gradually eliminated by increasing temperature they were not completely eliminated
at 350°C. It was determined by previous studies that, at temperatures which those
groups disappeared completely, the crystal structure was destroyed considerably and
collapsed at higher temperatures.

The presence of the streching and bending bands related to PA, DPA and TPA

shows that the propylamines were adsorbed on sepiolite. The adsorption of
propylamines caused the bending bands of the hydroxyl groups of the original
sepiolite to become more perceptible. This situation shows that the adsorbed amines
interact with the hydroxyl groups bonded to the crystal structure.
There is a small difference between the variation of the IR absorption bands of the
OS as a function of temperature and the variation of the IR absorption bands of the
PASs as a function of temperature. This behavior is related to the interaction of the
amines with Si** and Mg** ions besides the hydroxyl groups, bonded water and
zeolitic water in the crystal.
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