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A method suitable for the continuous and selective determination of water vapor evolved
during thermal decomposition processes is described. The water detector can be connected
to thermoanalytical equipment of controlled gas atmosphere without any difficulty. Water
vapor, together with other gaseous decomposition products, is collected by the carrier gas
and transported through a glass reaction vessel containing the measuring and reference cells.
The change in cell temperature is sensed by a resistance thermometer coil connected to a
bridge circuit. The relationship between the area under the recorded curve and the amount
of water released is linear. Hydrocarbons, organic crack products, CO, CO2, SOz, SO3 and
NHs do not interfere. The detection limit is about 0.1 mg water, the reproducibility of the
recorded curves is better than 10 per cent. In addition to the semi-quantitative determina-
tion of water, the detector trace can be recorded simultaneously along with the TG, DTG
and DTA curves and used to identify the decomposition step(s) in which water was formed.

The use of evolved gas analysis (EGA) techniques in thermoanalytical in-
vestigations of various solid substances is of high importance in the deter-
mination of the nature and amount of volatile products formed upon
heating. Via the determination of the evolved components conclusions can
be drawn regarding the phase composition of the solid sample.

Different types of thermoanalytical equipment (thermobalances, DTA-
apparatus, etc.) are connected to gas chromatographs [1], mass
spectrometers [2], thermogas titrimetric equipment [3], FTIR instruments
[4], and others. Compared to the basic thermoanalytical techniques, these
complex methods provide additional information on the decomposition
process.
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Many thermal decomposition reactions are accompanied with release of
water. It is often necessary to know if water vapor has been formed in the
reaction, to follow continuously the water releasing process(es) and to
determine the amount of water formed.

In practice a great variety of methods is available for the determination
of the water content of different gases. These methods are listed in Table 1.
However, the number of methods suitable for the determination of the time-
dependent water content of flowing gases is rather limited.

In view of the continuous and selective monitoring of water vapor
evolved during thermoanalytical investigations the number of potential tech-
niques is further reduced because of lack of selectivity, non-linear response,
long response and recovery times, etc,

A new method has been developed for the continuocus determination of
water evolved during thermal decomposition reactions [39, 40]. Water,
together with other decomposition products, is collected by the carrier gas
and transported through a detector cell containing a hygroscopic material,
lithium chloride. Water is bound in the cell by the reagent material, and the
increase in cell temperature caused by the heat of absorption (hydration) is
measured. The amount of heat released is linearly proportional to the water
formed in the decomposition process.

Experimental

The schematic diagram of the water detector is shown in Fig. 1. Two
identical metal (silver or gold) cylinders comprising the measuring 8 and
reference 7 cells are accommodated in a glass reaction vessel having ground
glass stoppers 5 and 6. Teflon supports 11 hold the cells in concentric posi-
tion. The inner wall of the cells is covered by glass fiber filter papers 9 and
10. In the measuring cell dry lithium chloride is deposited on the surface of
the glass fiber. The temperature of the cells is measured by resistance ther-
mometer coils 12 and 13 connected in series-opposition. Carrier gas mixed
with decomposition products enters the device through port 1 and leaves it
through port 2. If water is present in the carrier gas a certain amount of
water {about 50%) is bound by the hygroscopic reagent material and an
equivalent amount of heat (heat of hydration) is released, causing the cell
temperature to increase. The change in temperature is semsed by the
measuring coil (via the change of its resistance) connected to a Wheatstone
bridge, while the temperature of the reference cell remains unchanged. The
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heat of adsorption is removed from the cell by the carrier gas and, to a
lesser degree, by heat loss.
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Fig. 1 Schematic diagram of the water detector. 1: carrier gas inlet, 2: carrier gas outlet, 3:
regeneration gas inlet, 4: regeneration gas outlet, 5,6: ground glass stoppers, 7: refer-
ence cell, 8: measuring cell, 9: glass fiber filter paper, 10: glass fiber filter paper with
LiCl reagent, 11: teflon support, 12: reference coil, 13: measuring coil, 14: resistor, 15:
variable resistor, 16: power source, 17: recorder, 18: heating block, 19: ammeter, 20:
power source, 21: variable resistor, 22: thermocouple, 23: glass cone, 24: mV meter

After measurement, the exhausted reagent material can be regenerated
(dried out) without disassembling the detector tube. For this purpose dry
nitrogen gas is passed through the device via ports (3) and (4). A heating
block (platinum wires arranged according to a certain geometry) heats the
regeneration gas to a temperature suitable for the ‘insitu’ drying of the
reagent (approx. 180°). The role of the glass cone (23) is to provide close
contact of the carrier/regeneration gas with the reagent material. The
temperature of the regeneration gas is sensed by a thermocouple (22). For
automatic regeneration a thermistor circuit is used. After cooling, the device
is ready for the next measurement.

An EGA detector system of this type can be operated successfully only if
the following requirements are met:

J. Thermal Anal, 37, 1991
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1. A strictly linear relationship is needed between the actual concentra-
tion of water vapor in the carrier gas and the amount of water bound by the
reagent.

2. A linear relationship is necessary between the heat released and the
amount of water bound in the cell.

3. The mass transfer (of water) from the gas phase to the solid reagent
should be irreversible, otherwise the heat of desorption spoils the measure-
ments.

4. Heat dissipation in the cell should occur at an appropriate rate so that
rapid changes in the thermolysis process can be followed.

In order to meet the above conditions a very precise cell geometry was
constructed to optimize the transfer, conductance and loss of heat.

Another crucial point is the structure of the glass fiber - lithium chloride
system. Figure 2 shows thermoanalytical curves of glass fiber filter paper im-
pregnated with aqueous lithium chloride solution. Two types of bound water
can be observed in the DTG and DTA curves. The peak at 177° corresponds
to the release of the first crystal water of LiCl. (The enthalpy of monohydra-
tion of dry LiCl at 18° is —15.95 kJ/mol.)
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Fig. 2 Thermoanalytical curves of glass fiber filter paper impregnated with LiCl solution
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Based on the curves it was concluded that the amount of adsorbed water
should not exceed one mole throughout the entire reagent surface. The up-
take of the second, third and further moles of water would cause gradually
decreasing enthalpy changes. Thus linearity is no longer maintained.

An acceptable reagent system was prepared by the ‘in situ’ drying of
glass filter paper impregnated three times with lithium chloride solutions of
different concentration. Once the reagent material was prepared, we found
that the device could be used for more than one hundred measurements
without problem. After about one hundred measurements the reagent
material should be replaced. If condensable organic matter (tar, crack

products, etc.) is evolved, a more frequent replacement of the reagent is
necessary.
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Fig. 3 Thermoanalytical curves for 28.35 mg Ca(COO)2-H20 and the signal of the water
detector

The water detector was connected directly to a Derivatograph C-type
thermoanalytical instrument (Hungarian Optical Works, Budapest).
Nitrogen carrier gas mixed with gaseous decomposition products was passed
through the detector at a flow rate of 10 dm>/h. The trace of the detector
was recorded simultaneously along with the TG, DTG and DTA curves.
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Thermoanalytical curves for 28.35 mg calcium oxalate monohydrate
[Ca(COO0)2-H20] including the signal curve of the water detector are given
in Fig. 3. The heating rate was 5 deg/min in all cases. By comparing the
water detector trace to the thermal decomposition curves the following con-
clusions can be drawn.

1. The signal of the detector closely follows the changes in concentration
of water in the carrier gas (i.e. the shape of the DTG curve). The time delay
is about 60 to 100 seconds, which can easily be eliminated by computer shift-
ing of the water curve.

2. All the points of the curve produced by the detector are proportional
to the actual concentration of water in the carrier gas.

The water detector trace of 11.40 mg crystalline copper(II) sulphate pen-
tahydrate (CuSO4-5H20) is shown in Fig. 4. The detector can accurately
follow the release of the five moles of crystal water (in three stages) with an
extremely low noise level and excellent resolution. The curve peak areas for
the three-stage water liberation process given as a function of the amount of
water released in Fig. 5 indicate the linear characteristics of the detector
that are essential for a continuous EGA monitor.
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Fig. 4 Water detector trace of 11.40 mg CuSO4-5H20
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Fig. 5 The area under the water curve of Figure 4 as a function of the amount of water
released
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Fig. 6 Thermoanalytical curves of 297.5 mg Ca(COO)2-H20 under quasi-isothermal, quasi-
isobaric conditions including the trace of the water detector

The applicability of the water detector under quasi-isothermal, quasi-
isobaric measuring conditions was also investigated (the decomposition
takes place at a constant, pre-set rate). For this purpose water release from
297.5 mg Ca(COO0)2-H20 was investigated at a constant decomposition rate
of 0.2 mg/min. Based on the recorded curves (Fig. 6) it can be stated that
the detector can truly follow the water liberation process at constant rate.
The sinusoidal character of the water curve (within the range of constant
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decomposition rate) is due to fluctuation of the furnace temperature. This
indicates the excellent dynamic behaviour of the device.

In order to use the detector as a reliable thermoanalytical tool, selectivity
requirements should also be met. It was found that CO, CO2, SO2, SOs3,
NH3, amines, hydrocarbons, and organic crack products do not interfare.
Thus, selective detection of water is possible in the presence of these com-
pounds. The only interference found to date is NOa2. The suspected reaction
is the following:

LiCl + NO2z = NOCI + LiNO3

The detection limit is about 0.1 mg water. The reproducibility of the
recorded curves was found to be better than 10 per cent.

The investigations carried out suggest that the device can expect
widespread application in thermal analysis. The method has successfully
been used for the solution of a great variety of problems, such as the iden-
tification and quantitative determination of differently bound waters in
anion exchange resins [41], the study of ion exchanged zeolite catalysts con-
taining rare earth cations [42], the investigation of dehydroxylation of clay
minerals [43], the investigation of the flame retardation effect of inorganic
salts on papermaking pulps [44] and the study of the decomposition of
cobalt(III) pentamine complexes [45]. The advantage of the method lies in
its inherent simplicity, selectivity, low cost, and the possibility of simul-
taneous measurements (the response curve of the device can be interpreted
and evaluated along with simultaneously recorded thermoanalytical curves).
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Zusammenfassung — Es wird ein Verfahren beschrieben, das sich fiir eine kontinuierliche
und selektive Bestimmung von Wasserdampf eignet, der bei thermischen Zersetzungsprozessen
freigesetzt wird. Dieser Wasserdetektor kann ohne jegliche Schwierigkeiten an Geréte an-
geschlossen werden, die iiber eine kontrollierte Gasatmosphire verfiigen. Wasserdampf wird
zusammen mit anderen gasformigen Reaktionsprodukten vom Trigergas erfaBt und in ein
glasernes ReaktionsgefdB geleitet, welches MeB- und Bezugszellen enthilt. Die Anderung der
Zellentemperatur wird von einem in Briicke geschaltenen Widerstandsthermometer detektiert.
Zwischen der Fliche unter der registrierten Kurve und der Menge freigesetzten Wassers be-
steht ein linearer Zusammenhang, wobei sich Kohlenwasserstoffe, organische Zerset-
zungsprodukte, CO, CO2, SO2, SO3 und NH3 nicht storend auswirken. Die Nachweisgrenze liegt
bei 0.1 mg Wasser, die Reproduzierbarkeit der registrierten Kurven ist besser als 10% .
Zusitzlich zur halbquantitativen Bestimmung von Wasser kann die Detektorkurve simultan mit
den TG-, DTG~ und DTA-Kurven aufgezeichnet werden, um Zersetzungsstufen zu iden-
tifizieren, bei denen sich Wasser bildet.
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