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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, 201 and the temperature Controller. 
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MaX Heating comp. temp. rate ~ AT setting setting 

Fig. 1 Block diagram of dielectric-differential thermal analyzer 

The dielectric thermal analyzer is composed of three parts: 
1The  specimen holders ((7, and Cx Fig, 1). 
2-The dielectric sensor circuit. 
3-The recorder; 
The specimen holders are two cylindrical capacitors, 6", (reference) and Cx 

(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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Fig. 2a Inside view of specimen holder for dielectric-differential thermal analysis 
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The relationship between the output voltage (Vo.,) and the input voltage (Vi.) is 
given by: 

- re. ,  (Z,)  
Av closed loop - Vi. Vo., - t/i. (1) (zo 

( z o  - ~ (2) 

where 

(Z,)  + 2 ; (3) 

1 I 1 
- -  qL 
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Substitution of (2) and (3) into (1) gives: 

if 1 R - ;t((r, + ~ )  (5) 

(2 = form factor; a s  = ohmic conductivity; % = loss conductivity), substitution 
of (5) into (4) gives: 

N/  ( W C x )  2 -]- ~2(~ -~ apx) 2 
Vo, , = ~ / (WCr)2+ A2(a,oR + a,pR)2 V,, (6) 

From (6) we concluded that, with Vin = 25 Vpp, 400 Hz, the output voltage 
depends upon C~, C, el, 2, an~, ar~ , r and apR. We used A120 3 as reference 
substance, which displays no appreciable change in its dielectric properties with 
temperature up to 1000 ~ [14-16]. The voltage Vo. t 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 Vou~ to obtain records of variation curves of dielectric 
parameters (Vout) 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); /'max = 1000 ~ 

Results 

The method and equipment were with the following pairs in Cx and C r : air--air 
(Fig. 3); zeolite 13 X--A1203 (Fig. 4); mordenite--Al203 (Fig. 4a); quartz--  

o :ot  ~ o A o, 
I I I I I I I I [ 

Ends 30 128 227 325 420 574 600 703 800 09S 1000 
Temperature ~oc 

Fig. 3 Dielectric-differential the rmal  analysis  curves  o f  Cx: air and  C, : air 
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Fig. 4a Dielectric-differential thermal analysis curves of C x : zeolite 13 X and C,: AI20 a 
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AI20 a (Fig. 5) and CaCOa--AI20 a (Fig. 6). The air--air curves showed an 
admissible baseline, which is essential for a thermal analysis method. The analyzed 
zeolites (l 3 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. 5 Dielectric-differential thermal analysis curves of Cx: Quartz and C,: AlzO a 
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Fig. 6 Dielectric-differential thermal analysis curves of C x : CaCO 3 and C,: AI20 3 

curve for quartz shows the transformation (578 ~ in a convincing way, while in the 
case of CaCO3, the decomposition CaCO3---~faO+ CO 2 is evident. 

C o n c l u s i o n s  

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. 

R e f e r e n c e s  

1 R. C. Mackenzie, Thermal Anal., Proc. Int. 
Conf., 5th (1977) 559. 

2 B. F. Howell and P. H. Licastro Jr., Amer. 
Mineralogist, 46 (1961) 269. 

3 A. Kovach, B. Sehlenk and V. Sz6ky-Fux, 
Bull. Hung. Geol. Soc., 4 (1975) 495. 

4 S. D. Krilyan and V. H. Krilyan, Zh. Nauchn. 
i Prikl. Fotogr. i Kinematogr. (1961) 397. 

5 1. R. Bonilla, P. da R. Andrade and A. 
Bristoti, J. Thermal Anal., 8 (1975) 387. 

6 K. Adachi, M. Hattori and Y. Ishida, J. 
Polym. Sei., Polym. Phys. Ed., 15 (1977)693. 

J. Thermal Anal. 31,~ 1986 

7 P. N. Nandi, D. A. Deshpande and V. G. Kher, 
Proc. Indian Acad. Sci., Sect. A (1979), 98 (Pt 
1, No. 2), 113. 

8 Y. A. Badr, F. EI-Kabbany and M. Tosson, 
Phys. Status Solidi A, 53 (1979) K61. 

9 S. Yagihara and S. Mashimo, J. Polym. Sei., 
Polym. Phys. Ed., 9, 9 (1981) 1333. 

10 B. M. Tareiev, Fisica dr los Materiales 
Diel6ctricos, Editorial MIR (1978), p. 374. 

11 F. Egerer, Proc. Symp. on the Structural and 
Physical Characteristics of Minerals and 
Rocks at High Temperature and Pressure, 
Miskolc (1979) 49. 



MONTES et al.: DIELECTRIC-DIFFERENTIAL THERMAL ANALYSIS 47 

12 R. Roque-Malherbe et al., Patent Certificate 
No. 21059, Oniteem, Cuba, Sep. 1979. 

13 R. Roque-Malherbe and F. Morales, Rev. 
Cienc. Quimicas., 12 (2) (1981) 235. 

14 F. Egerer, Bull. Mineral, 104 (1981) 763. 
15 F. Egerer, Gerlants Beitr., Geophysik. 

Leipzig, 81, 2 (1982) 269. 
16 R. Roque-Malherbe and J. C. Anlufia, Rev. 

Cienc. Quimicas, in press. 

t7 J. Bedford, Lab. Pract., 29 (1980) 3. 
18 M. Hernandez and G. Garcia, personal 

communication, 
I9 A. Cerdeira et aL, Rev. Ciencias, UH, serie 2, 

Fis. 4 (1972). 
20 A. Montes and R. Roque-Malherbe, Man. 

lnstrumentista, MINBAS., in press. 

Zusammenfassung - -  Es wird eine Thermoanalyzer-Konstruktion beschrieben. Mit dem Ger/it kfnnen 
differentialthermoanalytische und unter den Bedingungen der thermischen Analyse vorgenommene 
dielektrische Messungen simultan unter gleicben Bedingungen ausgeffihrt werden. Die theoretische 
Grundlage der dielektrischen Thermoanalyse wird kurz behandelt. F/Jr Substanzen verschiedener Art 
erhaltene Ergebnisse sind angegeben. 

Pe3toMe - -  OnrtcaHo KOHCTpyKIIHOHHOe petueHHe TepMxtiecKoro aHa.~H3aTopa. Annapaxypa ~aeT 
BO3MO),KHOC'Fb llpH TeX xe caMblX 3KCHeprlMeHTa.JIbHblX yc.JIOBn~lX HpOBO,B.HTb COBMellIeHHbI'~ 
arlqbqbepenllHaJlbnbll~ TepMHqecKI4~ ananH3 H ~H3YleKTprIqecKB~ TepMI4qeCKHH aHa.rii43. KpaTrO 
lxpeacraBaeHM TeopeTriqect~He OCHOBm llri3~qeKTprlqecKoro TepMHtIeCKOFO aHa,aH3a, a TaKX<e 
pe3yYlbTaTbl, IlOYlyqeHHble C pa3.Jll,ltlH/~lMH THHaMH BelLIeCTB. 
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