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A new detector was used for the continuous and selective detection of water vapour
released during thermoanalytical investigations of soil samples.

For this purpose a derivatograph (MOM, Hungary) was directly combined with
the water detector and the signals were simultaneously recorded. The gaseous products
evolved in the reaction chamber of the derivatograph were passed through the detector
cell by the carrier gas stream.

By comparison of the thermoanalytical curves and the trace of the water detector,
further qualitative and quantitative information could be obtained, providing a better
understanding of the thermoanalytical processes.

The solution of a problem by thermoanalytical methods often requires addi-
tional information along with the TG, DTG, DTA and T curves obtained under
the same conditions. When two or more gaseous decomposition products are
simultaneously liberated, the TG and DTG curves will not yield any information
on the nature and the amounts of the individual decomposition products.

A new EGD method and a simple device for the continuous and selective de-
tection of water vapour evolved during thermal decomposition reactions have
been reported [1].

The continuous and selective water detector was used in this work to study
the gases released during thermal investigations of soil samples.

The thermoanalytical curves produced by a derivatograph make possible the
determination of moisture, the approximate organic content of the soil, the total
weight loss up to 1000° and the amount of calcium carbonate.

However, it is very difficult to identify the decomposition stages of dolomite,
magnesium carbonate and clay mineral components. By X-ray diffraction tech-
niques crystalline materials can be evaluated only qualitatively, because their
concentration in a highly amorphous system is too low.

Nevertheless, by comparison of the thermal curves and the trace of the water
detector it became possible to identify the individual components and to determine
their amounts, too.
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Experimental

Measurements were carried out in an air atmosphere at a heating rate of 5°
/min up to 1000°. The derivatograph was directly combined with the water de-
tector. Air as carrier gas transported the gaseous decomposition products liber-
ated from the sample. The carrier gas mixed with the gaseous decomposition
products was passed through the detector cell at a flow rate of 10 liters/hour.
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Fig. 1. Thermoanalytical curves of soil sample “A” and the signal of the water detector.
1 — Adsorbed water. 2 — Organic materials. 3 — Clay mineral. 4 — Magnesite. 5 — Clay
mineral. 6 — Dolomite. 7 — Calcite

The thermal curves of 452.0 mg soil sample ““A” and the simultaneously re-
corded signal of the water detector are shown in Fig. 1. From a comparison of the
thermal curves and the signal curve of the water detector the following conclusions
can be made.

The adsorbed water content of the sample is released with maximum rate at 90°.
The signal of the water detector closely follows the changing water content of
the carrier gas (i.e. the shape of the DTG curve). When the temperature is elevated,
the organic content of the sample is combusted in three steps, at 280, 355 and
435°, respectively. The DTA curve indicates exothermic reactions. The signal of
the water detector reveals that only the first combustion stage is accompanied
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by water production. In the second and third steps different types of decompo-
sition products, e.g. carbon dioxide and others, are evolved. The decomposition
step at 500°, as indicated by the detector, is due to the release of water. Hence,
it can be assumed that the combustion of organic compounds is completed by
460° and at 500° the structural water of clay minerals is liberated. At 540° a sepa-
rate step can be observed, accompanied by a weight decrease of 2.2 mg. In this
stage the decomposition gases do not cause a detector reponse. It can be assumed
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Fig. 2. Thermoanalytical curves of soil sample “B” and the signal of the water detector.
1 — Adsorbed water. 2 — Montmorillonite. 3 — Organic materials. 4 — Clay minerals.
5 — Calcite

with great probability that carbon dioxide originating from magnesium carbonate
was liberated. In a wide temperature range, viz. between 560 and 690°, a horizontal
plateau can be observed in the DTG curve. The signal of the detector also shows
this plateau, but only up to 640°; above this temperature the signal returns to the
baseline. By comparison of the DTG and the detector signal curves it was estab-
lished that the structural water of clay minerals was liberated between 560 and
670°, while the thermal decomposition of dolomite took place from 640 to 690°
The two different decomposition steps in the DTG curve can only be separated
with the help of the water detector, because there is no inflexion point. Between
670 and 800° the characteristic decomposition curve of calcium carbonate can
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be found. The amount of calcium carbonate can be divided into two parts; one
part is originally present in the sample, while the other results from the decom-
position of dolomite. At 800° the total weight loss is practically complete.

The thermal curves of 464.1 mg soil sample “B” and the signal of the water
detector are shown in Fig. 2. From room temperature up to 200° two overlapping
decomposition steps can be observed in the DTG curve. The shape of the curve
produced by the detector is similar to that of the DTG. It can be concluded that
the first step is due to the release of adsorbed water, and the second to the release
of water originating from montmorillonite. The presence of montmorillonite in
the sample was proved by X-ray diffraction, too. From 200 up to 430° the com-
bustion of organic compounds takes place. Two steps at 280° and at 340° can be
observed in the DTG curve. The water detector indicates that water is released
only in the first reaction. In the second stage of the decomposition other types
of gaseous products are liberated. The decomposition at 480° can be seen in the
curve produced by the water detector, too. This mass loss is due to the release
of structural water originating from clay minerals. The release of water is com-
pleted at 660°. The shape of the curve produced by the detector is similar to that

Table 1

Composition data of soil samples “A” and “B”

Structural
i . Tot:
Sample A(f::;ed r(n):tge arli‘lal,;:s water in Calcite Magnesite | Dolomite lgszlutg?(s)s
clay mine- ° ° ° 5
% % s % % % % 1000°, %
“A” 1.00 3.8 1.2 32 0.9 1.4 8.19
“B” 1.34 2.3 1.5 2.68 - — 6.25

of the DTG curve. At 760° the calcium carbonate is decomposed, the signal of
the detector showing no change at all.

The composition data derived from the two sets of thermal curves are shown
in Table 1.

Discussion

From the examples presented here it can be concluded that the continuous
and selective water detector is a very useful source of further qualitative and
quantitative information. When a complicated system such as soil is studied,
the selective response of the water detector contributes to the better interpretation
of the decomposition processes and the identification of the different phases.

In order to obtain quantitative information of higher accuracy, the trace of
the detector can be used advantageously, especially in the case of overlapping
decomposition reactions with water as one of the products.
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RisuMmE — Un noveau détecteur a été utilisé pour déceler en continu et de fagon sélective la
vapeur d’eau dégagée lors de 1'étude thermoanalytique des prélevements de sols. Dans ce but,
un dérivatograph (MOM, Budapest) a été directement rélié au détecteur d’eau et les signaux
ont été enregistrés simultanément. Les produits gazeux dégagés dans la chambre de réaction
du dérivatograph ont été envoyés dans le détecteur par un courant de gaz porteur. En compa-
rant les courbes thermoanalytiques et la courbe enregistrée par le détecteur d’eau, des renseig-
nements supplémentaires qualitatifs et quantitatifs ont pu étre obtenus qui permettent une
meilleure compréhension des processus thermoanalytiques.

ZUSAMMENFASSUNG — Ein neuer Detektor wurde zum kontinuierlichen und selektiven Nach-
weis von im Verlauf thermoanalytischer Untersuchungen von Bodenproben freigesetztem
Wasserdampf eingesetzt.

Hierzu wurde ein Derivatograph (MOM, Ungarn) direkt mit dem Wasserdetektor kombi-
niert und die Signale simultan aufgezeichnet. Die in der Reaktionskammer des Derivatogra-
phen entwickelten gasférmigen Produkte wurden durch den Trigergasstrom in die Detektor~
zelle geleitet.

Durch Vergleich der thermoanalytischen Kurven und der Aufzeichnung des Wasserdetek-
tors konnten weitere qualitative und quantitative Informationen erhalten werden, welche ein
besseres Verstindnis der thermoanalytischen Vorginge gestatten.

Pestome — MCMONB30BaH HOBEINA AETEKTOD QIS HENPEPHIBHOTO ¥ H30MPATEIBHOTO OOHAPYKEHHS
apOB BOMBI, BLIACTSIONIMXCS [TPY TEPMOAHATHTAHECKIX MCCIIENOBAHUIX TTOYBEHHBLIX 00pa3noB.
s aToi uenn nepusatorpad (MOM, Benrpus) ObLT IPAMO COEIHHEH C AETEKTOPOM IS BOABL
W CHTHANbl OJHOBPEMEHHO PETHCTPUPOBAIHNCL. ['a3000pa3Hbie MPOAYKTBI, BbIAECHAIOINIMECT B
peaxkiiMOHHON KamMepe nepuBatorpada, ObUIH TPOMYyIIEHbl Yepe3 siueiiky neTekTopa cTpyei rasa.
[MpH CONOCTaBIEHUH TEPMOAHAIMTHICCKMX KPUBBIX H IAHHBIX AETCKTOPA IJIST BOJbI, MOXET ObITH
JIONy4YeHa AaJibHeHIIas KOoJMYeCTBEHHASN M KayeCTBeHHas uHbOpMaLMs, YTO HEOOXOAMMO IS
Nyullero NOHUMAHUS TEPMOAHATUTUYECKUX MTPOLIECCOB.
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