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DIELECTRIC-DIFFERENTIAL THERMAL ANALYSIS
PART I: METHOD

A. Montes, R. Roque-Malherbe and E. D. Shchukin*

NATIONAL CENTER OF SCIENTIFIC RESEARCH, CUBA;
*INSTITUTE OF PHYSICAL CHEMISTRY,
ACADEMY OF SCIENCES OF THE USSR

(Received December 18, 1984; in revised form August 7, 1985)

A thermal analyzer design is described. The instrument is capable of performing
simultaneously differential thermal analysis and dielectric thermal analysis under the same
experimental conditions. The theoretical basis of dielectric thermal analysis is superficially
analyzed, and results obtained on different kinds of substances are presented.

At the present time, several methods are used to identify rocks and minerals.
Many of these methods are based on changes produced by temperature.

One such method is thermoelectrometry, where the specific property that varies
with temperature is the ohmic resistance, the conductivity, or any other electric
property of the material [1].

The changes brought about in the dielectric parameters of substances by dynamic
conditions of temperature for the analysis of mineral substances, polymers, etc.,
have been studied for the past 20 years [2-9].

The dielectric constant depends on the effects of electronic, atomic, dipolar and
interfacial polarization [10], and it therefore provides wide information about
rocks. On the other hand, this constant varies as a result of chemical processes and
qualitative and structural modifications of the material [11], and mainly the
crystalline structure.

The dielectric constant variations produced by temperature are therefore
determined by the properties of the material itself, so that, if the relation existing
between the dielectric parameters and the temperature is determined, an unknown
mineral can be identified.

This is the principle of dielectric thermal analysis formulated by Roque-
Malherbe et al. in 1979 [12].
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In spite of the possible information provided by this method, it has not been
widely used for the study and identification of minerals. There are very few reports
about this subject, among them the most relevant being those by Roque-Malherbe et
al. and Egerer [13-16]; these show the validity of this method, but also that the
complexity of preparation of the samples and the low instrumental sensitivity
detract from the practical value of the method.

The aim of this paper is to report a thermal analyzer capable of yielding DTA and
dielectric thermal analysis curves simultaneously in a practicable and quick way.

Method
A thermal analyzer was designed and constructed; its diagram is shown in Fig. 1.

The temperature programmer was designed according to established methods [17,
18], as was furnace [19, 20] and the temperature controller.
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Fig. 1 Block diagram of dielectric-differential thermal analyzer

The dielectric thermal analyzer is composed of three parts:

1-The specimen holders (C, and C, Fig. 1).

2-The dielectric sensor circuit.

3-The recorder.

The specimen holders are two cylindrical capacitors,. C, (reference) and C,
(specimen), supported on a porcelain DTA specimen holder (Fig. 2a), constructed
from 0.15 mm thickness nickel sheets, and the output conductors are made from
platinum-rhodium.

The dielectric sensor circuit is shown in Fig. 2b.
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The relationship between the output voltage (V,,,) and the input voltage (Vin) is
given by:
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Substitution of (2) and (3) into (1) gives:

1
were (1
R €

out — \ 1 ,
WG,y + ( - ) @

A0

. 1
if R = Mo,+ag) 5

(4 = form factor; o, = ohmic conductivity; ¢, = loss conductivity), substitution
of (5) into (4) gives:

V.o = \/( u,(:'x)2 + 'lz(anx + pr)z
" JWC )+ 2(a0r+ 0pr)?

From (6) we concluded that, with V;, = 25 V,,, 400 Hz, the output voltage
depends upon C,, C,., 4, 0q,, 6,,, 6gg and g,,. We used Al,O; as reference
substance, which displays no appreciable change in its dielectric properties with
temperature up to 1000° [14-16]. The voltage V,,, will therefore depend mainly
upon the dielectric changes in the substance tested.

The recorder used is a Philips model PM-8120 XY recorder. It was necessary to
rectify the A—C voltage of V,,, to obtain records of variation curves of dielectric
parameters (V,,,) vs. temperature.

The substances used were analytically pure or were analyzed and characterized
previously by other methods of analysis. In all cases the heating rate was

16 deg/min.; the quantity of substance was 1.1 g(0.1 <d<0.2 mm); T,,,, = 1000°.

Vin (6)

Results

The method and equipment were with the following pairs in C, and C, : air—air
(Fig. 3); zeolite 13 X—Al,0, (Fig. 4); mordenite—Al,O; (Fig. 4a); quartz—
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Fig. 3 Dielectric-differential thermal analysis curves of C,: air and C,: air
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Fig. 4a Dielectric-differential thermal analysis curves of C, : zeolite 13 X and C,: Al,0,

Vout Dielectric T. A.
O —
Exo
!
AT @
‘ DTA
A\ b)
Endo | | | J

| | | | ]
30 128 227 325 420 S¥% 600 703 800 898 1000
Temperature ,°C

b C,: Mordenite and C,: AlL,O,

AL, O, (Fig. 5) and CaCO,—Al,0, (Fig. 6). The air—air curves showed an
admissible baseline, which is essential for a thermal analysis method. The analyzed
zeolites (13 X; mordenite) gave curves similar in appearance: only one peak, whose
width depends on the kind of zeolite and is strongly related to the loss of water. The
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Fig. § Diclectric-differential thermal analysis curves of C,: Quartz and C,: AlL,O,
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Fig. 6 Dielectric-differential thermal analysis curves of C, : CaCO; and C,: Al,O,

curve for quartz shows the transformation (578°) in a convincing way, while in the
case of CaCQ,, the decomposition CaCO,;—CaO+ CO, is evident.

Conclusions

A dielectric thermal analyzer was designed. Its practical utilization and its
coupling to a differential thermal analyzer permit a combined thermal analysis
method. Dielectric-differential thermal analysis allows two curves to be obtained in
parallel, one of them reflecting the changes in dielectric properties (resistance,
capacity and dielectric losses), and the other relating to classical differential thermal

analysis.
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Zusammenfassung — Es wird eine Thermoanalyzer-Konstruktion beschrieben. Mit dem Gerit kénnen
differentialthermoanalytische und unter den Bedingungen der thermischen Analyse vorgenommene
dielektrische Messungen simultan unter gleichen Bedingungen ausgefiihrt werden. Die theoretische
Grundlage der dielektrischen Thermoanalyse wird kurz behandelt. Fiir Substanzen verschiedener Art
erhaltene Ergebnisse sind angegeben.

Pejtome — OmMCaHO KOHCTPYKLMOHHOE DELIEHUME TEPMUYECKOTO AHAAM3ATOPA. Annaparypa aaer
BOZMOXHOCTb NPH TEX XE€ CAMbIX 3KCIEPMMEHTANbLHLIX YCIOBHAX MPOBOAMTL COBMELIEHHLIH
ANG(EPCHUHANLHBI TEPMUYECKUH AHANM3 M JMONEKTPUYECKHI TEPMUHECKMA auanus. Kpartko
IIPEACTABACHBl TEOPETHYECKUE OCHOBbI [IMITCKTPHYECKOT0 TEPMHYECKOTO dHAIM34, 4 TaKxKe
PE3YJILTATHI, NOJYYEHHBIE ¢ PA3IHYHLIMH THIIAMM BELIECTB.
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