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POSSIBILITY OF THERMAL ANALYSIS OF DIFFERENT TYPES OF
BONDING OF WATER IN MINERALS
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Various types of water bonding were studied. e.g. water bound by occlusion, by adsorption,
by capillary condensation. by chemisorption and as a solid solution, zeolitic water. interlayer
water, crystal water and structural water bound in form of hydroxil groups. The differentiation of
these various types of bonding is rather difficult, for on heating water is evolved at various tem-
peratures and in rather wide temperature domains which overlap to different extents. Efforts were

made to improve the detection by applying the quasi-isothermal quasi-isobaric measuring tech-
nique.

Water can be bound in different manners in minerals. Table 1 lists the
most frequent types of occurrence of water in minerals, and summarizes
the most important features. The Table clearly reveals that the different
water types form a continuous sequence.
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Adsorption water: Minerals are capable of binding .different amounts
water, both on their external and on their internal surfaces, for the crystals
contain interstitial channels and cavities of various shapes and sizes. The
adsorption of water can be attributed to the dipole behaviour of water
molecules. The polar ions or atomic groups on the surface of a solid bind
polar water molecules by van der Waals forces. The resulting monomolec-
ular layer creates a new polar surface, which permits the oriented ad-
sorption of further molecule sequences. As the water layers become thicker,
they become less ordered, while their tension increases. At a given layer
thickness and temperature, there is a fixed partial pressure of water vapour
in the gas phase. Under -conditions of thermoanalytical investigations, the
adsorbed water can be removed at 40—100°. The internal channels may be
capillaries, where capillary condensation plays a prominent role in the water
binding. For 20 A capillaries a water vapour pressure of 100 kPa is achieved
only at 120°. Capillaries less than 20 A in radius may hinder the removal of
residual water even at temperatures of several hundred degrees.

The types of water binding by internal surfaces are shown in Fig. 1, where
TG curves of alumina are given. All three samples were obtained from the
same gibbsite by heating and subsequent storage in a wet atmosphere.

Large internal spaces can generally be bound with less ordered structures
in materials of amorphous type.

A typical example of water adsorbed on external and internal surfaces
of minerals is provided by silicates, which contain polar AlO, and SiO,
tetrahedra.
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Fig. 1 Dehydration of alumina. Sample 1 was heated at 350 °C (the resulting large internal space ren-
dered it suitable for use as a catalyst support and for the filling of chromatographic columns).
Sample 2 was heated up to 1000 °C (a major part of the internal surfaces was Jost by sintering).
Sample 3 was sintered corundum (water adsorption only on the external surface).

J. Thermal Anal. 33, 1988
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Interlayer water is found in phyllosilicates, for example. The interlayer
space may contain free water molecules, and water adsorbed to the active
sites directly or in the second or third layer. Due to the large spaces and
hence the comparatively weak binding, this water can escape at a relatively
low temperature. The remaining water is coordinated around the interlayer
cations. This binding energy is larger, its value depending on the size of the
cation.

The amount of interlayer water provides important genetic information.
The diagenetic transformation of clay minerals, established via the interlayer
water content, is especially important from the point of view of hydrocarbon
prospecting. Similar measurements allow determination of the temperatures
of transformation of metasomatic rocks [1].

Zeolitic water, sometimes found in non-zeolitic minerals too, is accom-
panied by other water types and primarily by crystal water. The zeolitic
water is found in the channels of the SiOQ, and AlO, tetrahedra, where it
moves more or less freely. Relatively free movement is possible in the wide
channels, whereas, narrower channels or capillaries impede the movement,
or the water is adsorbed on the surface, mainly bound to the AlO, tetra-
hedra, partly in the form of OH groups. Some of the water may form a
hydrate sheath around the exchangeable cations in the channels.

The water is bound with different energies, and the thermal curve usually
reveal its steady loss in a wide temperature range, with large irregular peaks.
The OH groups are lost at higher temperature than the molecular water.

The water content of a zeolite may be an indicator of the temperature of
its formation.

Natural glassy rocks and amorphous formations often contain water
bound similarly to zeolitic water. In glassy rocks, most of this water is bound
in OH form. The network forming the glassy rock comprises primarily SiO4
and to a much lesser extent AlO4 tetrahedra to which the OH groups are
bound free or by hydrogen-bonds. Further water molecules can be hydrogen-
bonded to the OH layers of the surface if the internal space is large enough
to permit this. Such binding is much weaker. The water loss from rock
glasses is shown by the thermal curves within the range 25—-350°.

Inclusion water involves the most primitive form of appearance of water
in minerals, with no special chemical or physical reason for its occurrence.
In the case of unpulverized samples, removal of the water can be revealed
by TG investigation (Fig. 2).

J. Thermal Anal. 33, 1988
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Fig. 2 Decomposition of unpulverized barite. Curve 1, plotted with uncovered crucible. Weight loss
caused when exploding grains jumped from the crucible. Curve 2, with covered crucible.

Water bound in solid solution. Here, the ions do not occupy the entire
space, thereby permitting the presence of 2—3 water molecules, as observed
with BaSO, [2]. The escape of water molecules from their fixed positions is
possible only if the process of self-diffusion within the crystal achieves a

considerable rate. This process usually takes place at about the Tamman
temperature.

The rapid departure of such water can also be caused by a change in a mo-
dification of the mineral; during the rearrangement of the lattice elements,
the water bound by occlusion is liberated. Figure 3 illustrates such an
example. Aragonite is transformed into calcite at 450°. The 450° peak in
the DTA curve is due to this tranformation, the weight loss of 1.5% relating
tc the loss of water bound by occlusion.

In the case of zeolites and perlites, water escapes at higher than 900°. This
can be considered as confined water from the silicate melts.

Crystal water is an integral and stoichiometric part of the structure.
Cations within an aqueous solution coordinate water molecules, and are
built into the lattice as aquo complexes in the course of precipitation of the
mineral. On heating, this water generally escapes at low temperatures in
several, more or less overlapping stages. Due to the overlapping, discrepancies
are to be found among the reported data on such reactions.

J. Thermal Anal. 33, 1988
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Fig. 3 TG, DTG and DTA curves of aragonite.

For example, the TG curve of chalcanthite in Fig. 4 indicates that the
dehydration is a two-stage process. In contrast, the simultaneously recorded
DTG and DTA curves clearly demonstrate that it is a three-stage process,
where the first two steps of the dehydration can strongly overlap, depending
on the circumstances. New infomation can be obtained by means of the
derivatograph under quasi-isobaric and quasi-isothermal conditons [3, 4].
The Q-TG curve recorded by using a labyrinth crucible [3, 4] reveals that,
under optimal conditions, the first two dehydration processes can be
completely separated; they take place isothermally, leading to equilibrium,
whereas the third process does not.

If the Q-DTG and Q-DTA curves are also plotted [5, 6], we obtain further
information (Fig. 5.). With regard to the phase diagram in Fig. 6, the
transformation process can be explained as follows. Between room
temperature and 95°, there is no change (section A—B). According to the
phase diagram, at 95° CuSO, 5H,0 melts incongruently (indicated by the
DTA peak with 95° onset temperature), and solid CuSO,-3H,O and a

J. Thermal Anal. 33, 1988
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Fig. 4 Dynamic TG, DTG, DTA and Q-TG curves of chalcanthite.
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Fig. 5 Q-TG. Q-DTG and Q-DTA curves of chalcanthite.

satured solution are formed (point B). Weight loss starts only at 105°, when
the saturated solution begins to boil (point C). Below this temperature, water
cannot escape from the labyrinth crucible. The temperature then remains un-
changed, and the solution is gradually concentrated until solid CuSO,-3H,0

J. Thermal Anal. 33, 1988
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separates out (section C—D). The temperature is raised to 116°isothermally,
when solid CuSO,4 -3H,0 also decomposes (section E—F). During this
process, solid CuSQO, "3H,O0 is in equilibrium with water vapour at 100 kPa.
CuS0, - H,0 decomposes at 250° (section G—H).
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Fig. 6 Phase diagram of CuSQ, - 5H, 0.

Dehydroxylation. The dissociation of OH-containing compounds,
providing water in the course of thermal decomposition, differs from several
aspects. This is a two-step process: (i) formation of the H,0 molecule: OH~
+ OH™ = H,0 + 02", and (ii) it is generally escape of the H,O molecule
from the crystal lattice.

It is generally impossible to separate the two steps in the thermal curves.
However, simultaneous TG, DTG, DTA and IR investigations on colemanite
(CaB3;0,4(0OH);3 ‘H,0) showed its dehydroxylation to be in general a two-step

process.
Dehydroxylation generally takes place at a much higher temperature than

dehydration, because the OH ions are strongly bound to the lattice structure
through ionic or covalent bonds. There are correlations between the dis-
sociation temperature and (i) the electronegativity of the cation to which the
OH (or other anion) is attached, (ii) the number and distance of OH groups

J. Thermal Anal. 33, 1988
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yielding water during thermal dissociation, and their position within the
lattice structure (diffusion processes), and (iii) the energetic conditions of
the process, influenced by the rearrangement of the residual structures.

Table 2 lists temperatures of dehydroxylation of minerals, classified
according to the above criteria. The data refer to results of standard measure-
ments, and within the 1-1000 mg range indicate the temperature shifts
due primarily to the partial pressure of the escaping gas [8].

The Table clearly shows that a decrease in electronegativity of the cation
results in an increase in strength of the bond, and accordingly in an increase
in the dissociation temperature [9]. Let us consider row 2 in the Table.
In the oxide-hydroxides, the OH groups are more distant from each other
than in the simple hydroxides, and require a higher temperature for
transformation into water. The dehydroxylation process of phyllosilicates
well reflect their structural differences. For the different structural types,
however, the electronegativity of the cation directly bonded to the OH
group is of primary importance. The different sequences of layers of poly-
types generally determine the thermoanalytical domain, thereby leading to
differences in intracrystalline pressure, which influence the dehydroxylation
[10].

The quasi-isothermal heating techniques are suitable for obtaining infor-
mation on the features of water loss. The loss of adsorbed water from the
internal spaces is not an equilibrium reaction, and the dehydration curves
from quasi-isothermal heating techniques are always essentially noniso-
thermal (Fig. 7).
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Fig. 7 Q-TG curves of water bound on surfaces of internal spaces. a: interlayer water of montmorillo-
nite, b: zeolitic water in mordenite.
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Similarly to the loss of crystal water, dehydroxylation essentially is an
isothermal process, striving for equilibrium (see Fig. 8, portlandite). In
more complicated structures, when the formation of water from the OH
groups is hindered by the conditions, and where the diffusion processes
play a greater role in the formation and loss of water molecules, the order of
the reaction is increasingly further from zero. This phenomenon can be
well followed in the Q-TG curves of boehmite, kaolinite and pyrophillite
in Fig. 8.

Temperature,°C Temperature ,°C
500 550 500 550
0] 525 1 0 495 !
500

051 05—

a), b) 540
10} 527 10}

[+ 4
%y v
Temperature ,°C
550 600
ofF T545 !

05—

<)

Temperature ,°C
600 800 -
0 T T >
05—
ol d)
Cy

Fig. 8 Q-TG curves of different dehydroxylation processes, a: portlandite, b: boehmite. c: kaolinite,
d: pyrophiltite.
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Zusammenfassung — Es wurden verschiedene Bindungstypen von Wasser untersucht. Wasser kann unter
anderem durch Einschlisse, Adsorption. Kapillarkondensation, Chemisorption und in Form von
Mischkristallen, zeolitisch, schichteingebettetem und Kristallwasser sowie als OH-Form gebunden sein.
Die Untersuchung dieser zahlreichen Bindungstypen ist duflerst schwierig. da die Wasserabgabe bei
verschiedenen Temperaturen geschieht und die ziemlich breiten Temperaturintervalle mehr oder weniger
tiberlappen. Mittels quasiisothermen und quasiisobaren Mefitechniken wurde versucht, die Moglichkeit
der Bestimmung zu verbessern.

PE3KME — HsyueHni pa3jiMuHble THIIbI CBA3aHHOK Boasl. Cpeny pasjIMYHbIX THIIOB MOJIEKYJI BOXBI,
CBABAHHOW OKKIIIO3WeH, ancopOimel, KalpulIAPHON KOoHIJeHcaumell, Xxemucopbuuel, HaiigeHa CTPYK-
TYpHa# BOAA B BUIE TBEPAOTO PACTBOPA, HEOJIMTHOM MeXCHoeBoH, KpHcrannuueckoi u B Buge OH-
¢opmbl. Judipepesuuauna Bcex THIOB CBA3AHHOH ROALI NOBOJILHO TPYAH2A 3a/1ava, NOCKONLKY Bbl-
leJIeHHE BOObl MPOMCXOAUT B MIMPOKOH 0GJIACTH TeMIepaTyp, HHTepBaJ KOTOPHIX B Gonblued unu
MeHBUIEH Mepe nepexpbiBaercA. IlyTeM HCHONB30BaHAA KBasSHM30TEPMAYECKNX KBa3MM300apHYeCKHX
METOIOB M3MEepPEeHHsA, GbUTH NPEANPHHATHI IONBITKY YIIyY1IHTh OOHapY keHHe Pa3JINyHBEIX THIIOR CBA3aH-
HOL BOJABL.
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